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A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down 1C defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is sec- 
ond to none. 

We are proud of our success... it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 



President, Chief Executive Officer 
National Semiconductor Corporation 




Wir fiihien uns zu Qualitat und 
Zuverlassigkeit verpflichtet 

National Semiconductor Corporation ist fuh- 
rend bei der Harsteiiung von integrierten 
Schaltungen hoher Quaiitat und hoher Zuver- 
iassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahi von 1C 
Ausfailen zu verringern und die Lebensdauern 
von Produkten zu verbessern. Vom Rohma- 
teriai Uber Entwurf und Herstellung bis zur 
Ausiieferung, die Quaiitat und die Zuverlassig- 
keit per Produkte von National Semiconductor 
Sind unUbertroffen. 

Wir Sind stolz auf unseren Erfolg, der Stand- 
ards setzt, die fUr andere erstrebenswert sind. 
Auch ihre Anspruche steigen standig, Sie als 
unser Kunde kbnnen sich auch weiterhin auf 
National Semiconductor verlassen. 

La Qualite et La Fiabilite: 

Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation c’est I’un 
des leaders industriels qui fabrique des circuits 
integres d’une tres grande qualite et d’une fia- 
bilite exceptionnelle. National a ete le premier a 
vouloir faire chuter le nombre de circuits in- 
tegres defectueux et a augmenter la duree de 
vie des produits. Depuis les matieres premieres, 
en passant par la conception du produit sa fabri- 
cation et son expedition, partout la qualite et la 
fiabilite chez National sont sans equivalents. 

Nous sommes tiers de notre succes et le stand- 
ard ainsi defini devrait devenir I’objectif a 
atteindre par les autres societes. Et nous con- 
tinuons a vouloir faire progresser notre recher- 
che de la perfection; il^en resulte que vous, qui 
etes notre client, pouvez toujours faire con- 
fiance a National Semiconductor Corporation, 
en produisant des systemes d’une tres grande 
qualite standard. 


Un Impegno Societario di Quaiita e 
Affidabilita 

National Semiconductor Corporation e un’indus- 
tria al vertice nella costruzione di circuit! inte- 
grati di alta quaiita ed affidabilita. National e 
stata il principale promotore per I’abbattimento 
della difettosita dei circuit! integrati e per 
I’allungamento della vita dei prodotti. Dal 
materiale grezzo attraverso tutte le fasi di proget- 
tazione, costruzione e spedizione, la quaiita e 
affidabilita National non e seconda a nessuno. 

Noi siamo orgogliosi del nostro successo che 
fissa per gli altri un traguardo da raggiungere. II 
nostro desiderio di perfezione e d’altra parte il- 
limitato e pertanto tu, nostro clients, puoi con- 
tinuare ad affidarti a National Semiconductor 
Corporation per la produzione dei tuoi sistemi 
con elevati livelli di quaiita. i 



Charles E. Sporck^ 

President, Chief Executive Officer 
National Semiconductor Corporation 
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Introduction 

National Semiconductor Corporation’s CMOS Databook 
contains the industry’s most comprehensive collection of 
high-performance CMOS products available today. Our 
early commitment to microCMOS technology has made 
possible the development of a broad spectrum of ad- 
vanced devices that will simplify your design and ensure 
state-of-the-art systems. 

microCMOS technology describes National’s array of 
small-geometry, silicon-gate, oxide-isolated processes 
used to build the high-performance products found in this 
book. Using N- or P-well substrates and multiple-layer metal 
or polysilicon-interconnect structures, microCMOS proc- 
esses produce feature sizes of 3.0, 2.0, or 1.5 microns, with 
submicron feature sizes in development. (For more detailed 
information, specific device family introductions are pro- 
vided at the beginning of each section.) microCMOS ac- 
counts for nearly half of National’s current research and 
development effort, and this commitment will increase 
through the ’80s. 

New microCMOS products are being introduced con- 
stantly. If you don’t find what you need in this book, please 
contact your local National Semiconductor sales office or 
distributor. 

Einfiihrung 

Das CMOS-Datenbuch von National Semiconductor 
enthalt in seiner neuesten Ausgabe (1984) das 
umfangreichste Typenspektrum an Hochleistungs- 
CMOS-Produkten, die derzeit in der Industrie erhaitllch 
Sind. Die frUhzeitige Entscheidung von National 
Semiconductor fUr die sogenannte "microCMOS”- 
Technologie ermbglichte die Entwicklung eines breiten 
Spektrums fortschrittlicher Bauelemente, die den Entwurf 
moderner Systeme sehr erleichtern. 

microCMOS-Technologie ist eln Oxid-isolierter Herstel- 
lungs-proze/3 flir Silizium-Gate-CMOS-Strukturen mit 
kleinen Geometrien, der die Produktion der im Datenbuch 
beschriebenen Hochleistungs-Bauelememte ermbglicht. 
Auf P- Oder N-Wannen-Substraten erzeugt der microCMOS- 
Proze/3 Strukturen mit Abmessungen von 3,0, 2,0 Oder 
1,5 /tm und mit Polysilizium-oder Metallverbindungen. 
(Detailinformationen enthalten die technischen Angaben 
zu einer speziellen Bauelemetefamilie, die zu Reginn eines 
jeden Abschnittes zu finden sind.) Submikrometer- 
Strukturen befinden sich derzeit in Entwicklung. 

FLir die mIcroCMOS-Technologle wendet National 
Semiconductor derzeit etwa die Halfte der Forschungs— 
und Entwicklungs— MIttel auf. Dieser Antell wird In den 
nachsten Jahren noch zunehmen. 

Neue microCMOS-Produkte warden laufend auf den Markt 
gebracht. Sollten spezielle Bauelementetypen, die noch 
nicht im Katalog enthalten sind, benotigt warden, ertellen 
der drtliche Distributor Oder das nachstgelegene 
Verkaufsburo von National Semiconductor gerne Auskunft. 


Introduction 

National Semiconductor Corporation a reuni dans son 
CMOS Databook la plus complete collection de I’industrie 
de circuits CMOS hautes performances actuellement 
disponible. National, en s’engageant depuis un certain 
temps dans la technologie microCMOS, a rendu possible 
le developpement d’une large gamme de circuits perform- 
ants qui simplifieront la conception de vos circuits tout en 
les faisant beneficier des meilleures performances. 

Les circuits performants decrits dans cet ouvrage mettent 
en oeuvre la technologie microCMOS National (cellules de 
faible geometrie MOS). Le precede microCMOS, dispose 
de substrate N ou P, de structures multi-couches metal- 
liques et interconnexions multiples, il permet d’obtenir 
des canaux de 3, 2 or 1,5 microns. National travaille ac- 
tuellement sur des cellules inferieures au micron. (Pour 
une information plus detaillee, consulter au debut de 
cheque chapitr^, les instructions particulieres a cheque 
famine de circuits.) National consacre pratiquement la 
moitie de ses efforts en recherche et developpement a la 
technologie microCMOS. Cet effort ira sans cesse en 
s’accroissant au cours des annees 1980. 

De nouveaux produits microCMOS sortent sans cesse. Si 
vous ne trouvez pas dans cet ouvrage ce dont vous avez 
besoin, veuillez contacter votre ingenieur commercial ou 
votre distributeur National Semiconductor. 


Introduzione 

II databook sul dispositivi CMOS Della National 
Semiconductor Corporation contiene una tra le piu vaste 
gamme di prodotti CMOS ad alta tecnologia attualmente 
disponibill per I’lndustria. 

II nostro recente impegno verso la tecnologia CMOS. Ha 
reso posibilie lo sviluppo di una vastlssima gamma di 
dispositivi avanzati che semplificheranno i vostri progetti 
e garantiranno al vostri sistemi una tra le piu avanzate tec- 
nologie. La tecnologia OMOS della National comprende 
gli array a canale stretto, I silicon gate ed i process! con 
isolamento ad ossido usatl per la fabbricazione di prodotti 
per applicazloni ad alto livello che trovere in questo 
calalogo. 

Usando substrati drogatl n oppure p e stratificazioni di 
alluminio a divers! livelli, oppure connessioni a polyslllcio, 
I processi CMOS hanno in produzione canal! di dimension! 
da 3.0-2.0-1,5 microns, con dimension! di submicron in 
sviluppo. (Per Informazlone plo dettagliate, indicazione 
specifiche per ogni famiglia sono fornito all’inizio di 
clascun paragrafo). 

La National dedica la meta del propri sforzl per la ricerca e 
lo sviluppo della tecnologia CMOS, e questo impegno 
crescera senza dubblo nel corso degli anni 80. 

I nuovi dispositivi CMOS vengono introdotti constante- 
mente; nel caso In cui non trovaste do di cul avete bisogno 
In questo catalogo, mettetevi in contatto con I’ufficlo di 
zona della National oppure con II distrlbutore di zona. 
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MM54HC245/MM74HC245 Octal TRI-STATETransceiver 1-211 

MM54HC251/MM74HC251 8-Channel TRI-STATE Multiplexer 1-215 

MM54HC253/MM74HC253 Dual 4-Channel TRI-STATE Multiplexer 1-218 

MM54HC257/MM74HC257 Quad 2-Channel TRI-STATE Multiplexer 1-221 

MM54HC259/MM74HC259 8-Bit Addressable Latch/3-to-8 Line Decoder 1-224 

MM54HC266/MM74HC266Quad 2-Input Exclusive NORGate 1-228 

MM54HC273/MM74HC273 Octal D Flip-Flops with Clear 1-231 

MM54HC280/MM74HC280 9-Bit Odd/Even Parity Generator/Checker 1-234 

MM54HC283/MM74HC283 4-Bit Binary Adder with Fast Carry 1-237 

MM54HC292/MM74HC292 Programmable Frequency Dividers/Digital Timers 1-241 

MM54HC294/MM74HC294 Programmable Frequency Dividers/Digital Timers 1-241 

MM54HC298/MM74HC298 Quad 2-Input Multiplexers with Storage 1-247 

MM54HC299/MM74HC299 8-Bit TRI-STATE Universal Shift Register 1-251 

MM54HC354/MM74HC354 8-Channel TRI-STATE Multiplexers with Latches 1-256 

MM54HC356/MM74HC356 8-Channel TRI-STATE Multiplexers with Latches 1-256 

MM54HC365/MM74HC365 Hex TRI-STATE Buffer 1-263 

MM54HC366/MM74HC366 Inverting HexTRI-STATE Buffer 1-263 

MM54HC367/MM74HC367HexTRI-STATE Buffer 1-263 

MM54HC368/MM74HC368 Inverting HexTRI-STATE Buffer 1-263 

MM54HC373/MM74HC373TRI-STATE Octal D-Type Latch 1-270 

MM54HC374/MM74HC374 TRI-STATE Octal D-Type Flip-Flop 1-273 

MM54HC390/MM74HC390 Dual 4-Bit Decade Counter 1-276 

MM54HC393/MM74HC393 Dual 4-Bit Binary Counter 1-276 

MM54HC423A/MM74HC423A Dual Retriggerable Monostable Multivibrator 1-281 

MM54HC521/MM74HC521 8-Bit Magnitude Comparator(Equality Detector) 1-286 

MM54HC533/MM74HC533TRI-STATEOctal D-Type Latch with Inverted Outputs 1-289 

MM54HC534/MM74HC534TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 1-292 

MM54HC540/MM74HC540 Inverting Octal TRI-STATE Buffer 1-295 

MM54HC541/MM74HC541 Octal TRI-STATE Buffer 1-295 

MM54HC543/MM74HC543 Octal Registered Transceiver 1-298 

MM54HC544/MM74HC544 Octal Registered Transceiver 1-299 

MM54HC550/MM74HC550 Octal Registered Transceiver with Status Flags 1-300 

MM54HC551/MM74HC551 Octal Registered Inverting Transceiver with 

Status Flags 1-301 

MM54HC563/MM74HC563TRI-STATEOctal D-Type Latch with Inverted Outputs 1-302 

MM54HC564/MM74HC564 TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 1-305 

MM54HC573/MM74HC573TRI-STATEOctal D-Type Latch 1-308 

MM54HC574/MM74HC574TRI-STATEOctal D-Type Flip-Flop 1-311 

MM54HC589/MM74HC589 8-Bit Shift Registers with Input Latches and TRI-STATE 

Serial Output 1-314 

MM54HC590/MM74HC590 8-Bit Binary Counter with TRI-STATE Output Register 1-319 

MM54HC592/MM74HC592 8-Bit Binary Counter with Input Register 1-321 

MM54HC593/MM74HC593 8-Bit Binary Counter with Bidirectional Input Register/ 

CounterOutputs 1-321 

MM54HC595/MM74HC595 8-Bit Shift Registers with Output Latches 1-324 
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Alphanumeric Index(continued) 

MM54HC597/MM74HC597 8-Bit Shift Registers with Input Latches 1-329 

MM54HC640/MM74HC640 inverting OctaiTRi-STATE Transceiver 1-334 

MM54HC643/MM74HC643True-lnverting Octal TRI-STATE Transceiver 1-334 

MM54HC646/MM74HC646 Non-Inverting Octal Bus Transceiver/Registers 1-338 

MM54HC648/MM74HC648 Inverting Octal Bus Transceiver/Registers 1-338 

MM54HC688/MM74HC688 8-Bit MagnitudeComparator(Equality Detector) 1-345 

MM54HC4002/MM74HC4002 Duai 4-Input NOR Gate 1-348 

MM54HC4016/MM74HC4016 Quad Analog Switch. 1-351 

MM54HC4017/MM74HC4017 Decade Counter/Divider with 10 Decoded Outputs 1-356 

MM54HC4020/MM74HC4020 14-Stage Binary Counter 1-360 

MM54HC4024/MM74HC4024 7-Stage Binary Counter 1-360 

MM54HC4040/MM74HC4040 12-Stage Binary Counter 1-360 

MM54HC4046/MM74HC4046 CMOS Phase Lock Loop 1-365 

MM54HC4049/MM74HC4049 Hex Inverting Logic Level Down Converter 1-374 

MM54HC4050/MM74HC4050 Hex Logic Level Down Converter 1-374 

MM54HC4051/MM74HC4051 8-Channel Analog Multiplexer 1-377 

MM54HC4052/MM74HC4052 Dual 4-Channel Analog Multiplexer 1-377 

MM54HC4053/MM74HC4053Triple 2-Channel Analog Multiplexer 1-377 

MM54HC4060/MM74HC4060 14-Stage Binary Counter 1-383 

MM54HC4066/MM74HC4066 Quad Analog Switch. 1-387 

MM54HC4075/MM74HC4075Triple3-lnputORGate 1-392 

MM54HC4078/MM74HC4078 8-Input NOR/OR Gate 1-395 

MM54HC4316/MM74HC4316Quad Analog Switch with Level Translator 1-398 

MM54HC4351/MM74HC4351 8-Channel Analog Multiplexer with Latches 1-403 

MM54HC4352/MM74HC4352 Dual 4-Channel Analog Multiplexer with Latches 1-403 

MM54HC4353/MM74HC4353 Triple 2-Channel Analog Multiplexerwith Latches 1-403 

MM54HC4511/MM74HC4511 BCD-to-7 Segment Latch/Decoder/Driver 8-59 

MM54HC4514/MM74HC4514 4-to-16 Line Decoder with Latch 1-410 

MM54HC4538/MM74HC4538Dual Retriggerable Monostable Multivibrator 1-414 

MM54HC4543/MM74HC4543 BCD-to-7 Segment Latch/Decoder/Driver for 

Liquid Crystal Displays 8-64 

MM74HC942 300 Baud Modem (-f 5, - 5 Volt Supply) 3-38 

MM74HC943 300 Baud Modem (5 Volt Supply) 3-44 

MM54HCT00/MM74HCT00 Quad 2-Input NAND Gate 1-420 

MM54HCT04/MM74HCT04 Hex Inverter 1-423 

MM54HCT05/MM74HCT05 Hex lnverter(Open Drain) 1-426 

MM54HCT34/MM74HCT34 Non-Inverter 1-428 

MM54HCT74/MM74HCT74 Dual D Flip-Flop with Preset and Clear 1-431 

MM54HCT76/MM74HCT76 Dual J-K Flip-Flops with Preset and Clear >434 

MM54HCT107/MM74HCT107 Dual J-KFlip-Flops with Clear 1-437 

MM54HCT109/MM74HCT109 Dual J-K Flip-Flops with Preset and Clear 1-440 

MM54HCT112/MM74HCT112DualJ-KFIip-FlopswithPresetandClear •. . . . 1-434 

MM54HCT138/MM74HCT138 3-to-8 Line Decoder 1-443 

MM54HCT139/MM74HCT139 Dual 2-to-4 Line Decoder 1-446 

MM54HCT149/MM74HCT149 8-Line to 8-Line Priority Encoder 1-449 

MM54HCT155/MM74HCT155 Dual 2-to-4 Line Decoder/Demultiplexers 1-452 

MM54HCT157/MM74HCT157 Quad 2-Input Multiplexer 1-455 

MM54HCT158/MM74HCT158Quad2-lnputMultiplexer(lnverted Output) 1-455 

MM54HCT160/MM74HCT160Synchronous Decade Counter with Asynchrbnous Clear 1-459 

MM54HCT161/MM74HCT161 Synchronous Binary Counterwith Asynchronous Clear 1-459 

MM54HCT162/MM74HCT162 Synchronous Decade CounterwithSynchronousClear ........ 1-459 
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Alphanumeric Index (Continued) 

MM54HCT163/MM74HCT163 Synchronous Binary Counter with Synchronous Clear 1-459 

MM54HCT164/MM74HCT164 8-Bit Serial-ln/Parallel-Out Shift Register ' 1-462 

MM54HCT166/MM74HCT166 8-Bit Serial or Parallel Input/Serial Output Shift 

Registerwith Reset 1-465 

MM54HCT169/MM74HCT169 4-Bit Up/Down Synchronous Binary Counter 1-470 

MM54HCT174/MM74HCT174 Hex D Flip-Flops with Clear 1-472 

MM54HCT191/MM74HCT191 Synchronous Binary Up/Down Counters with 

Mode Control 1-475 

MM54HCT193/MM74HCT193Synchronous Binary Up/DownCounters 1-481 

MM54HCT240/MM74HCT240 Inverting Octal TRI-STATE Buffer 1-486 

MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 1-486 

MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 1-486 

MM54HCT245/MM74HCT245 Octal TRI-STATETransceiver 1-490 

MM54HCT257/MM74HCT257 Quad 2-Channel TRI-STATE Multiplexer 1-493 

MM54HCT273/MM74HCT2730ctalD Flip-Flop with Clear. 1-496 

MM54HCT299/MM74HCT299 8-Bit TRI-STATE Universal Shift Register 1-499 

MM54HCT323/MM74HCT323 8-Bit TRI-STATE Universal Shift Register 1-501 

MM54HCT373/MM74HCT373TRI-STATE Octal D-Type Latch 1-503 

MM54HCT374/MM74HCT374TRI-STATE Octal D-Type Flip-Flop 1-503 

MM54HCT521/MM74HCT521 8-Bit Magnitude Comparator(Equality Detector) 1-508 

MM54HCT533/MM74HCT533TRl-STATEOctal D-Type Latch 1-511 

MM54HCT534/MM74HCT534TRI-STATE Octal D-Type Flip-Flop 1-511 

MM54HCT540/MM74HCT540 Inverting Octal TRI-STATE Buffer 1-515 

MM54HCT541/MM74HCT541 Inverting Octal TRI-STATE Buffer 1-515 

MM54HCT543/MM74HCT543 Octal Registered Transceiver 1-519 

MM54HCT544/MM74HCT544 Octal Registered Inverting Transceiver. 1-520 

MM54HCT550/MM74HCT550 Octal Registered Transceiver with Status Flags 1-521 

MM54HCT551/MM74HCT551 Octal Registered Inverting Transceiver with 

Status Flags 1-522 

MM54HCT563/MM74HCT563TRI-STATEOctal D-Type Latchwith Inverted Outputs '. . . . 1-523 

MM54HCT564/MM74HCT564 TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 1-526 

MM54HCT573/MM74HCT573TRI-STATEOctal D-Type Latch 1-529 

MM54HCT574/MM74HCT574 TRI-STATE Octal D-Type Flip-Flop 1-532 

MM54HCT590/MM74HCT590 8-Bit Binary Counter with TRI-STATE Output Register 1-535 

MM54HCT592/MM74HCT592 8-Bit Binary Counter with Input Register 1-537 

MM54HCT593/MM74HCT593 8-Bit Binary Counter with Bidirectional Input Register/ 

CounterOutputs 1-537 

MM54HCT640/MM74HCT640 Inverting OctalTRI-STATETransceiver 1-540 

MM54HCT643/MM74HCT643True-lnverting Octal TRI-STATETransceiver 1-540 

MM54HCT688/MM74HCT688 8-Bit Magnitude Comparator(Equality Detector) 1-543 

MM54HCU04/MM74HCU04 Hex Inverter 1-546 

MM82PC08 8-Bit Bidirectional Transceiver 12-25 

MM82PC12 8-Bit Input/Output Port 12-31 

MOLE^^ (Microcontroller On-Line Emulator) Development System 13-11 

NMC6164 8192 X 8-Bit Static RAM ; 9-3 

NMC27C16 16,384-Bit (2048 X 8) UV Erasable CMOS PROM 10-3 

NMC27C32 32,768-Bit (4096 x 8) UV Erasable CMOS PROM 10-10 

NSC800 High-Performance Low-Power Microprocessor 12-38 

NSC800 Emulator Package 13-17 

NSC810ARAM-l/O-Timer 12-63 

NSC830ROM-I/O 12-79 
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Alphanumeric Index (Continued) 

NSC831 I/O Only 12-79 

NSC858 Universal Asynchronous Receiver/Transmitter 12-92 

NSC888 NSC800 Evaluation Board 12-110 

PASCAL PASCAL High Level Language CompilerforSTARPLEX II Development Systems 13-21 

PLM80PL/M High Level Language CompilerforSTARPLEX Development Systems 13-33 

SCXSerlesof2-Micronand3-Mlcron CMOSGateArrays 2-4 

SCX6324 microCMOS 2.4k Gate Array NSOOOU Option User’s Note 2-5 

sex CMOS Gate Array Family Application Guide i 2-11 

STARPLEX II Development System ■ 13-37 

TP3020 Monolithic CODEC 5-3 

TP3021 Monolithic CODEC 5-3 

TP3040 PCM Monolithic Filter 5-12 

TP3040A PCM Monolithic Filter 5-12 

TP3051 Monolithic Parallel Data Interface CMOS CODEC/FILTER Family 5-19 

TP3052 Monolithic Serial Interface CMOS CODEC/FILTER Family 5-30 

TP3053 Monolithic Serial Interface CMOS CODEC/FILTER Family i 5-30 

TP3054 Monolithic Serial Interface CMOS CODEC/FILTER Family 5-30 

TP3056 Monolithic Parallel Data Interface CMOS CODEC/FILTER Family 5-19 

TP3057 Monolithic Serial Interface CMOS CODEC/FILTER Family 5-30 

TP3064 Monolithic Serial Interface CMOS CODEC/FILTER Combos 5-43 

TP3067 Monolithic Serial Interface CMOS CODEC/FILTER Combos 5-43 

TP3155TimeSlot Assignment Circuit " 5-56 

TP3310 Monolithic 1200-600/150-75-5 Bit/s CMOS FSK Modem Family 5-63 

TP3311 Monolithic 1200-600/150-75-5 Bit/s CMOS FSK Modem Family 5-63 

TP3320 Monolithic 1200-600/150-75-5 Bit/s CMOS FSK Modem Family 5-63 

TP3321 Monolithic 1200-600/150-75-5 Bit/s CMOS FSK Modem Family 5-63 

TP5087DTMF (TOUCH-TONE) Generator 5-74 

TP5088DTMF Generator for Binary Data 5-78 

TR5089DTMF (TOUCH-TONE) Generator 5-82 

TP5092 DTMF(TOUCH-TONE)Generator 5-74 

TP5094DTMF{TOUCH-TONE) Generator 5-74 

TP5116A Monolithic CODEC 5-86 

TP5156A Monolithic CODEC ! 5-86 

TP5380DTMF{TOUCH-TONE) Generator 5-74 

TP5600Ten-Number Repertory Pulse Dialer 5-92 

TP5605Ten-Number Repertory Pulse Dialer 5-92 

TP5610Ten-Number Repertory Pulse Dialer 5-92 

TP5615Ten-Number Repertory Pulse Dialer 5-92 

TP5650Ten-Number Repertory DTMF Generator. 5-98 

TP5660 Ten-Number Repertory DTMF Generator 5-98 

. TP50981 Push Button Pulse Dialer Circuit 5-103 

TP50981 A Push Button Pulse DialerCircuit 5-103 

TP50982 Push Button Pulse Dialer Circuit 5-103 

TP50982A Push Button Pulse DialerCircuit '. 5-103 

TP50985 Push Button Pulse DialerCircuit 5-103 

TP50985A Push Button Pulse DialerCircuit 5-103 

TP531 30 DTMF (TOUCH-TONE) Generator with Binary Dataand Keypad Interface 5-109 

TP53190 Push Button Pulse Dialer 5-114 
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Parts Listing 

National manufactures a complete line of metal gate CMOS logic products (CD4000, 54C/74C, and 74PC). A list of these prod- 
ucts follows. Our 54HC/74HC products offer improved performance and appear in Section 1 in datasheet form for your infor- 
mation and convenience. 

METAL GATE CMOS 
CD4000 LOGIC 


Device 

Description 

Device 

Description 

CD4000 

Dual 3-Input NOR Gate 

CD4053 

Triple 2-Channel Multiplexer 

CD4001 ' 

Buffered Quad 2-Input NOR Gate 

CD4060 

14-Stage Ripple-Carry Binary 

CD4002 

Buffered Dual 4-Input NOR Gate 


Counter 

CD4006 

13-Bit Static Shift Register 

CD4066 

Quad Bilateral Switch 

CD4007 

Dual Complementary Pair Plus 

CD4069 

Hex Inverter 


Inverter 

CD4070 

Quad 2-Input Exclusive OR Gate 

CD4008 

4-Bit Full Adder 

CD4071 

Buffered Quad 2-Input OR Gate 

CD4009 

Hex Buffer (Inverting) 

CD4072 

Buffered Dual 4-Input OR Gate 

CD4010 

Hex Buffer (Non-Inverting) 

CD4073 

Triple 3-Input AND Gate 

CD4011 

Buffered Quad 2-Input NAND Gate 

CD4075 

Triple 3-Input OR Gate 

CD4012 

Buffered Dual 4-Input NAND Gate 

CD4076 

TRI-STATE Quad D Flip-Flop 

CD4013 

Dual D Flip-Flop 

CD4081 

.Buffered Quad 2-Input AND Gate 

CD4014 

8-Bit Static Shift Register 

CD4082 

Buffered Dual 4-Input AND Gate 

CD4015 

Dual 4-Bit Static Shift Register 

CD4089 

Binary Rate Multiplier 

CD4016 

Quad Bilateral Switch 

CD4093 

Quad 2-Input NAND Schmitt 

CD4017 

Decade Counter/Divider 


Trigger 

CD4018 

Presettable Divide-by-N Counter 

CD4094 

8-Bit Shift Register with Latch 

CD4019 

Dual AND/OR Select Gate 

CD4099 

8-Bit Addressable Latch 

CD4020 

14-Stage Ripple-Carry Binary 

CD4503 

TRI-STATE Hex Buffer 


Counter/Divider 

CD4507 

Quad 2-Input Exclusive OR Gate 

CD4b21 

8-Bit Static Shift Register 

CD4510 

BCD Up/Down Counter 

CD4022 

Divide-by-8 Counter/Divider with 8 

CD4511 

BCD-to-7 Segment Decoder Driver 


Decoded Outputs 

CD4512 

8-Channel Data Selector 

CD4023 

Buffered Triple 3-Input NAND Gate 

CD4512/B 

8-Channel Data Selector with 

CD4024 

7-Stage Ripple-Carry Binary 


Buffer 


Counter/Divider 

CD4514 

4-Bit Latch 4-to-16 Line Decoder 

CD4025 

Buffered Triple 3-Input NOR Gate 

CD4515 

4-Bit Latch 4-to-16 Line Decoder 

CD4027 

Dual J-K Flip-Flop 

CD4516 

Binary Up/Down Counter 

CD4028 

BCD-to-Decimal Decoder 

CD4518 

Dual Synchronous Up Counter 

CD4029 

Presettable Binary/Decade 

CD4519 

4-Bit AND/OR Selector 


Up/Down Counter 

CD4520 

Dual Synchronous Up Counter 

CD4030 

Quad Exclusive-OR Gate 

CD4522 

DIvide-by-N Counter (BCD) 

CD4031 

64-Bit Static Shift Register 

CD4526 

Divide-by-N Counter (Binary) 

CD4034 

8-Bit Bi-Directional Shift Register 

CD4527 

Binary Rate Multiplier 

CD4035 

4-Bit Shift Register 

CD4528 

Dual Monostable Multivibrator 

CD4040 

12-Stage Ripple-Carry Binary 

Counter 

CD4529 

Dual 4-Channel or Single 8-Channel 
Analog Data Selector 

CD4041 

Quad True/Complement Buffer 

CD4538 

Dual Monostable Multivibrator 

CD4042 

Quad D Latch 

CD4541 

Programmable Timer with 

CD4043 

Quad TRI-STATE® NOR R/S Latch 


Oscillator 

CD4044 

Quad TRI-STATE NAND R/S Latch 

CD4543 

BCD-to-7-Segment Decoder 

CD4046 

Phase Locked Loop 

CD4584 

Hex Schmitt Trigger 

CD4047 

Monostable/Astable Multivibrator 

CD4723 

Dual 4-Bit Addressable Latch 

CD4048 

Expandable 8-Input Gate 

CD4724 

8-Bit Addressable Latch 

CD4049 

Hex Inverting Buffer 

CD40106 

Hex Schmitt Trigger 

CD4050 

Hex Buffer 

CD40160 

Synchronous Decade Counter 

CD4051 

Single 8-Channel Multiplexer 

CD40161 

Synchronous Binary Counter 

CD4052 

Differential 4-Channel Multiplexer 

CD40162 

Full Synchronous Decade Counter 
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METAL GATE CMOS (Continued) 
CD4000 LOGIC (Continued) 


Device 

Description 

CD40163 

Full Synchronous Binary Counter 

CD40174 

Hex D Flip-Flop 

CD40175 

Quad D Flip-Flop 

CD40192 

Decade Up/Down Counter 

CD40193 

Binary Up/Down Counter 

CD40195 

4-Bit Parallel Access Shift Register 

MM54C/74C LOGIC 

MM54C/74C00 

Quad 2-Input NAND Gate 

MM54C/74C02 

Quad 2-Input NOR Gate 

MM54C/74C04 

Hex Inverter 

MM54C/74C08 

Quad 2-Input AND Gate 

MM54C/74C10 

Triple 3-Input NAND Gate 

MM54C/74C14 

Hex Schmitt Trigger 

MM54C/74C20 

Dual 4-Input NAND Gate 

MM54C/74C30 

8-Input AND Gate 

MM54C/74C32 

Quad 2-Input OR Gate 

MM54C/74C42 

BCD-to-Decimal Decoder 

MM54C/74C48 

BCD-to-7 Segment Decoder Driver 

MM54C/74C73 

Dual J-K Flip-Flop with Clear 

MM54C/74C74 

Dual D Flip-Flop ^ 

MM54C/74C76 

Dual J-K Flip-Flop with Clear and 
Preset 

MM54C/74C83 

4-Bit Binary Fuii Adder 

MM54C/74C85 

4-Bit Comparator 

MM54C/74C86 

Quad 2-Input Exclusive OR Gate 

MM54C/74C89 

65-Bit (16x4) RAM TRI-STATE 

MM54C/74C90 

4-Bit Decade Counter 

MM54C/74C93 

4-Bit Binary Counter 

MM54C/74C95 

4-Bit Right-Shift/Left-Shift Register 

MM54C/74C107 

Dual J-K Flip-Flop 

MM54C/74C150 

1-of-16 Data Selector 

MM54C/74C151 

4-Bit Data Seiect/Multiplexer with 
Strobe 

MM54C/74C154 

4-to-16 Line Decoder 

MM54C/74C157 

Quad 2-Input Multiplexer 

MM54C/74C160 

Decade Counter with 

Asynchronous Clear 

MM54C/74C161 , 

Binary Counter with Asynchronous 
Clear 

MM54C/74C162 

Synchronous Decade Counter 

MM54C/74C163 

Synchronous Binary Counter 

MM54C/74C164 

8-Bit Serial-ln/Paraliei-Out Shift 
Register 

MM54C/74C165 

8-Bit Parallel-In/Serial-Out Shift 
Register 

MM54C/74C173' 

TRI-STATE Quad Flip-Flop 

MM54C/74C174 

Hex D Flip-Flop 

MM54C/74C175 

Quad D Flip-Flop 

MM54C/74C192 

Decade Up/Down Counter 

MM54C/74C193 

Binary Up/Down Counter 

MM54C/74C195 

4-Bit Paraiiel Access Shift Register 

MM54C/74C200 

256-Bit RAM TRI-STATE 


Device 

MM54C/74C221 

MM54C/74C240 

MM54C/74C244 

MM54C/74C373 

MM54C/74C374 

MM54C/74C901 

MM54C/74C902 

MM54C/74C903 

MM54C/74C904 

MM54C/74C905 

MM54C/74C906 

MM54C/74C907 

MM54C/74C908 

MM54C/74C909 

MM54C/74C910 

MM54C/74C911 

MM54C/74C912 

MM54C/74C914 

MM54C/74C915 

MM54C/74C922 

MM54C/74C923 

MM54C/74C929/30 

MM54C/74C932 

MM54C/74C933 

MM54e/74C941 

MM54C/74C945/47 

MM54C/74C946 

MM54C/74C949 

MM54C/74C989 


Description 

Dual Monostable Multivibrator 
TRI-STATE Octal Buffer (Inverting 
Outputs) ^ 

TRI-STATE Octal Buffer 
Octal Flow-Thru Latch TRI-STATE 
Octal D Type Flip-Flop TRI-STATE 
Hex Inverting Buffer (TTL Interface) 
Hex Non-Inverting Buffer 
(TTL Interface) 

Hex Inverting Buffer (TTL Interface) 
Hex Non-Inverting Buffer 
(TTL Interface) 

12-Bit Successive Approximation 
Register 

Open Drain Buffer (Active Pull 
Dbwn) 

Open Drain Buffer (Active Pull 
Down) 

Dual High-Voltage Driver 
Quad Comparator 
256-Bit (64 x 4) RAM TRI-STATE 
4-Digit LED Display Controller 

6- Digit LED Display Controller 
Hex Schmitt Trigger with Extended 
Input Voltage 

7- Segment-to-BCD Decoder 
16-Key Keyboard Encoder 
16-Key Keyboard Encoder 
1024-Bit Static RAM 
Phase Comparator 
Address Bus Comparator 
TRI-STATE Octal Buffer 
4-Digit Up/Down 
Counter/Latch/Decoder Driver 

4 1/2-Digit Counter Decoder Driver 

8- Bit Microprocessor Compatible 
A/D Converter 

64-Bit (16x4) RAM TRI-STATE 5V 


microCMOS 


MM74PC LOGIC 

MM74PC00 

Quad 2-Input NAND Gate 

MM74PC02 

NOR Gate 

MM74PC04 

Hex Inverter 

MM74PC08 

AND Gate 

MM74PC32 

OR Gate 

MM74PC74 

Dual D Flip-Flop 

MM74PC138 

3-to-8 Decoder 
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Application Notes Listing 

AN-118 CMOS Oscillators 

AN-177 Designing with MM74C908, MM74C918 Dual 
High Voltage CMOS Drivers 

AN-200 CMOS A/D Converter Chips Easiiy interface 
to 8080A Microprocessor Systems 

AN-247 Using ADC0808/ADC0809 8-Bit /iP 

Compatibie A/D Converters with 8-Channel 
Analog Multiplexer 

AN-248 Electrostatic Discharge Prevention— input 
Protection Circuits and Handiing Guide for 
CMOS Devices 

AN-257 Simpiified Multi-Digit LED Dispiay Design 
Using MM74C911/MM74C912/MM74C917 
Display Controllers 

AN-269 Circuit Appiications of Muitiplying CMOS 
D to A Converters 

AN-271 Appiying the New CMOS MiCRO-DACs™ 

AN-293 Controi Appiications of CMOS DACs 

AN-303 HC-CMOS Power Dissipation 

AN-307 introducing the MF10; A Versatiie Monolithic 

Active Fiiter Buiiding Biock 

AN-310 High-Speed CMOS (MM54HC/MM74HC) 
Processing 

AN-313 DC Eiectricai Characteristics of 

MM54HC/MM74HC High-Speed CMOS Logic 

AN-314 interfacing to MM54HC/MM74HC High- 
Speed CMOS Logic 

AN-316 The Subscriber Line Card in a Distributed 
Controi Switching System 

AN-317 AC Characteristics of MM54HC/MM74HC 
High-Speed CMOS 

AN-319 Comparison of MM54HC/MM74HC to 

54LS/74LS, 54S/74S and 54ALS/74ALS Logic 


AN-320 A 2.4k CMOS Gate Array 
AN-321 Gate Array and Custom VLSIC Fabrication 
with the microCMOS Process 
AN-322 A 2.4k microCMOS Gate Array, System 
Design Facility 
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Introduction 

National has been a supplier of CMOS logic since 1970, 
starting with the CD4000 family. National next introduced 
the54/74C Series— replicating, in CMOS, the “footprints” 
(pinouts) and functions of the standard TTL bipolar 7400 
Logic Family. 

Until recently, however, high-speed CMOS systems had to 
include some bipolar logic ICs as well because CMOS 
logic was not fast enough. The use of bipolar logic meant 
that system designers had interface and power dissipa- 
tion problems. 

AN ADVANCED, HIGH-SPEED CMOS LOGIC FAMILY 

National has introduced a new, high-speed CMOS Logic 
Family— the 54/74HC Series.* Many industry watchers 
are calling it the most significant development in logic 
since TTL. 

This new series is the first broad-based CMOS logic family 
to attain true bipolar (74LS) speed performance, while 
maintaining the many advantages of CMOS: high noise 
immunity, wide power supply range, wide range of operat- 
ing temperature, and low power dissipation. In addition, 
this CMOS family offers 74LS equivalent pinouts and out- 
put drive (4 mA sink and source). 


National is also supplying some of the most popular 
CD4000 devices in this new high-speed technology. As an 
example, the CD4060 will be offered as the MM74HC4060. 
Some new functions not currently available in any logic 
family (MM74HC9XX parts) will also be offered and the 
MM74HCTXXX designation is used for a group of special 
TTL buffers. (The inputs of these buffers meet TTL logic 
voltage level specs.) 

HOW SPEED HAS BEEN IMPROVED 

National uses self-aligned silicon-gate CMOS with oxide 
isolation to obtain speed and density advantages in these 
logic circuits. 

To understand how this works, look at a cross-section of a 
logic inverter in metal-gate CMOS, as shown in Figure 7-7. 
Notice that all the key parasitics have been drawn on this 
diagram. The extra P'*’ diffusion necessary around the 
N-channel device and the extra N"*" diffusion around the 
P-channel device are the guard rings (channel stoppers) 
that are necessary to prevent parasitic MOS transistors 
between devices. The length indicated for laying out a 
logic inverter (one N-channel and one P-channel device) is 
about 125 microns for a typical metal-gate process. 


Metal Metal Metal 

Interconnect Gate Gate 



N Type Substrate 
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FIGURE 1-1. A Cross-Section of a Logic Inverter In Metal-Gate CMOS 


‘This MM54/74HC family Is alternately sourced by Motorola Inc. 
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Now, look at the Sl-gate CMOS inverter shown in Figure 1-2. 
The 125-micron distance noted previously for a simple 
logic inverter is reduced to only 64 microns. 

With the oxide isolation performing the channel stop 
function: 

• The need for extra channel stop diffusions is eliminated. 

• TheP'*' andN"^ diffusionscannowbuttdirectlyagainst 
the oxide (no space is required). 

• The geometries and spacings overall can be made 
smaller because of shallower Junction depths. 

Therefore, a 2:1 reduction in the parasitic capacitances 
can be obtained with this new CMOS process. Since the 
gate is self-aligned to the source and drain (i.e., the gate 
actually defines the separation between the source and 
drain regions), the gate overlap capacitance is also 
significantly reduced. 

This decreased capacitance, combined with the 4:1 in- 
crease in the gain of the silicon-gate transistors (the 
silicon-gate devices have better gain due to the shorter 
channel length, thinner gate oxide, and lower threshold 
voltage), explains the speed improvement of eight to ten 
times over the earlier metal-gate CMOS logic. 


SPECIFICATIONS FOR THE 54/74HC LOGIC FAMILY 

A 2V to 6V operating range was chosen for the new 
54/74HC family. The 6V maximum limit results because of 
transistor drain-to-source punchthrough with the short 
channel lengths (further reductions in channel length will 
bring about the new 2V to 3V power supply voltage stand- 
ard for VLSI products). 

There are specifications on the maximum allowable DC 
output current for all of the outputs as well as for the Vcc 
and ground pins. These limits exist because of the poten- 
tial for metal migration... a phenomenon that occurs If DC 
current limits are exceeded for long time intervals. Limit- 
ing the maximum DC current flow increases the reliability 
of the circuit. 

The input logic levels for this family are similar to standard 
CD4000 and 54/74C CMOS: 1.0V and 3.5V, using a 5V 
power supply. Over the complete supply voltage range the 
worst-case V|h and V|l input levels are typically 70% and 
20% of Vcc, respectively. In addition, to facilitate interfac- 
ing from TTL and TTL compatible circuits to 54/74HC, a 
sub-family of devices (designated MM54HCT/MM74HCT) 
is also offered. These devices are designed and specified 
for TTL input logic voitage levels. 



N Type Substrate 


64fim 


FIGURE 1-2. A Cross-Section of a Logic Inverter In mIcroCMOS 


1-3 






COMPARING OUTPUT CURRENT SINK AND SOURCE 

These new 74HC products can drive capacitive loads with 
the same response times as the 74LS products. The rea- 
sons for this can be seen by looking at the comparisons of 
the output current sink and source capabilities of these 
logic families as shown in Figures 1-3 and 1-4. 

Here the new CMOS output stages can be seen to com- 
pare favorably with those of the 74LS bipolar logic family. 
It is these large output currents that provide the ability to 
rapidly drive load capacitance. This also requires the 
same attention as 74LS to PC board layouts and power 
supply bypass capacitors. 

For complete details and characteristics of the 54/74HC 
family, see National’s 1983 High-Speed CMOS Databook, 
which also contains numerous application notes. 


CMOS AND BIPOLAR DESIGN 

Bipolar designers who have never used CMOS must re- 
member one important rule: never leave an input pin float- 
ing. Unused inputs must be tied to Vcc, ground, or an 
output. If left floating, an input can charge up (due to 
leakage current flow) to the threshold voltage level and 
turn ON both the N-channel and P-channel transistors aU 
the same time. This will cause the 1C to draw potentially 
destructive DC currents from Vqc to ground. This problem 
is aggravated by the large current capability of this new 
logic family. 



Output Voltage (V) Output Voltage (V) 

FIGURE 1-3. Comparing the Output Sink Current FIGURE 1-4. Comparing the Output Source Current 

Capabilities of 74HC and 74LS Capabilities of 74HC and 74LS 
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Semiconductor 


microCMOS 


MM54HC00/MI\/I74HC00 Quad 2-Input NAND Gate 


General Description 

These NAND gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

p Typical propagation delay: 8 ns 
a Wide power supply range: 2-6V 

□ Low quiescent current: 20 fxA maximum (741-IC series) 

□ Low input current: 1 juA maximum 
p Fanout of 10 LS-TTL loads 



Connection Diagram 


Dual-ln-Llne Package 


n4 HA 



TOP VIEW 

MM54HC00/MM74HC00 
54HC00 (J) 74HC00 (J,N) 


Logic Diagram 
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MM54HC00/74HC00 





MM54HC00/74HC00 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5to Vcc + I.SV 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Ice) 

±50mA 

MM74HC 

-40 

+ 85 

"C 

Storage Temperature Range (Tstg) 

-65“Cto +150°C 

MM54HC 

-55 

+ 125 

•c 

Power Dissipation (Pq) (Note 3) 

500 mW ' 

Input Rise or Fail Times 




Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 

< 

o 

o 

II 

to 

< 


1000 

ns 



Vcc = 4.5 V 


500 

ns 



Vcc = 6.0 V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25'C 

74HC 

Ta=- 40 to 85X 

S4HC 

TA=-55to125'C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 


Wi 


1.-5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

VlL 

Maximum Low Level 




0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = ViH or ViL 

M 


1 





Output Voltage 

|loUTk20 fiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 . 

V 



V|N = V|H orViL 

M 








|IoutU 4.0 mA 


4.2 

3.98 

3.84 

3.7 

V 



ll0UTl^5.2mA 


5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

1 
> 

II 

2 
> 

M 







Output Voltage 

|IoutI^20 fiA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 


, 



0 

0.1 

0.1 

0.1 

V 



< 

2 

II 

< 

I 

M 


M 






|IoutI^ 4.0 mA 


0.2 



0.4 

V 



|IoutI^ 5.2 mA 

BO 

0.2 



0.4 

V 

l|N 

Maximum Input 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 


Current 








Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 

1 


20 

40 

fiA 


Supply Current 

•out= 0 pA 



mi 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. aod Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V. Ta = 25‘'C, Cl=15 pF, tr=t( = 6 ns 


Symbol 

Parameter 

tPHL. tPLH 

Maximum Propagation 
Delay 



Typ 

Guaranteed 

Limit 

Units 

8 

15 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

tpHL. *PLH 

Maximum Propagation 
Delay 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

CiN 

Maximum Input 
Capacitance 


Ta = 25“C 


Conditions Vqc 



Typ 


2.0V 45 90 

4.5V 9 18 

6.0V 8 15 



74HC 54HC 

TA=-40to85“C TA=-55to125°C 


Guaranteed Limits 



Note 5: CpQ determines the no load dynamic power consumption. Pd=Cpo Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls“CpQ Vcc t+lcC’ 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC02/74HC02 


National 

Semiconductor 


microCMOS 


MM54HC02/IUIM74HC02 Quad 2-Input NOR Gate 


General Description 

These NOR gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC/74HC logic family is func- 
tionally as well as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical propagation delay: 8 ns 

■ Wide power supply range: 2-6V 

n Low quiescent supply current: 20 /xA maximum (74HC 
series) 

■ Low input current: 1 p,A maximum 

■ High output current: 4 mA minimum 


Connection Diagram 


Dual-ln-Line Package 


Y1 A1 B1 Y2 A2 B2 GND 

TL/F/5294-1 

TOP VIEW 

MM54HC02/MM74HC02 
54HC02 (J) 74HC02 (J,N) 


Logic Diagram 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5to Vcc + 1.5V 

DC Output Voltage (Vout) -0.5 to Vcc + 0.5V 

Clamp Diode Current {I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc Of GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 


DC Electrical Characteristics (Note 4) 




Minimum High Level V|n = V|l 

Output Voltage [IoutI ^20 fxA 


V,N = V|L 
|IoutI^ 4.0 mA 
|IoutI^ 5.2 mA 


Maximum Low Level V|n = Vm or V|l 
O utput Voltage | IqlitI ^ 20 ftA 


V|N = V|Hor V|L 
|IoutI^ 4.0 mA 


Operating Conditions 

Mln 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5 V 
Vcc = 6.0V 


Ta = 25”C 


Typ 



Guaranteed Limits 

1.5 

1.5 

1.5 

3.15 

3.15 

3.15 

4.2 

4.2 • 

4.2 




l|N 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

Icc 

Maximum Quiescent 
Supply Current 

V|N — Vcc or GND 
Iout=0mA 

6.0V 


2.0 

20 

40 

mA 


Note 1: Absolute Maximum Ratings are those values beyond \which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. ‘ 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V ahd 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n.. 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC02/74HC02 


AC Electrical Characteristics 

Vcc=5V, Ta=25°C, Cl = 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 
Limit ‘ 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


8 

15 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr=tf = 6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=25«C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125“C 

Units 

Typ 

Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 



45 

90 

113 

134 

mm 


Delay 



9 

18 

23 

27 

mm 





8 

15 

19 

23 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

■■ 

20 




pF 


Capacitance (Note 5) 


IB 






C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pd = Cpd Vcc* f+lcc ^cc. and the no load dynamic current consumption, 
Is “ CpD Vcc f + icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC03/MM74HC03 Quad 2-Input 
Open Drain NAND Gate 


microCMOS 


General Description 

These NAND gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 

As with standard 54HC/74HC push-pull outputs there are 
diodes to both Vcc and ground. Therefore the output should 
not be pulled above Vcc as it would be clamped to one 
diode voltage above Vcc- This diode is added to enhance 
electrostatic protection. 


Features 

■ Typical propagation delay: 12 ns 

■ Wide power supply range: 2-6V 

B 'Low quiescent current: 20 /lA maximum (74HC series) 
B Low input current: 1 jj,A maximum 
B Fanout of 10 LS-TTL loads 



Connection Diagram 


Dual-ln-Llne Package 


Vcc M A4 



A1 II VI A2 12 Y2 DND 


TOP VIEW 

MM54HC03/MM74HC03 
54HC03 (J) 74HC03 (J,N) 


Logic Diagram 
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MM54HC03/74HC03 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage(Vcc) 

-0.5 to -I-7.0V 


Min 

Max 

Units 

DC Input Voltage(Viisi) 

-1.5toVcc+1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage(VouT) 

Clamp Diode Current(l|K, Iqk) 

— 0.5 to Vcc + 0.5V 
±20 mA 

DC Input or Output Voltage 
(Vin.Vqut) 

0 

Vcc 

V 

DC Output Current, per pin(louT) 

±25mA 




DC Vcc or GND Current, per pin(lcc) 

±50 mA 

Operating Temperature Range(TA) 



Storage Temperature Range(TsTG) 

-65'’Cto +150'’C 

MM74HC 

-40 

+ 85 

°c 

Power Dissipation(PD) (Note 3) 

500 mW 

MM54HC 

-55 

+ 125 

-c 

Lead T emperature(T l) (Soldering 1 0 seconds) 260°C 

Input Rise or Fall Times 






(tr.tf) Vcc = 2.0V 


1000 ' 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 


2.0V 

m 

1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

• 3.15 

V 




6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



m 

0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HorViL 








Output Voltage 

|IoutI^20 /j,A 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 


/ 

Rl=i kn 

4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 

VoL 

Minimum Low Level 

V,N = V|H 








Output Voltage 

|IoutI^20 \x.k 

2.0V 

0 

0.1 

0.1 

0.1 

V 



Rl=oo 

4.5V 

0 

0.1 

0.1 

0.1 

■■ 





0 

0.1 

0.1 

0.1 




V|N = V|h 

Wk 


Pi 






|IoutI^ 4.0 mA 


0.2 



0.4 




||0UtI^ 5.2 mA 


0.2 



0.4 

ni 

Ilkg 

Meiximum High Level 

V|N = V|HorV|L 

6.0V 


jjj^^p 

5 

10 

flk 


Output Leakdge Current 

VoUT = Vcc 



mu 




IlN 

Maximum Input 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

1 

Current 








Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 



20 

40 

fiA 


Supply Current 

louT=0 fA 



mi 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package; -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°Cto 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6,0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25'’C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 

Rl=i Kn 

10 

20 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tf = tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125'*C 

Units 

Typ 

Guaranteed Limits 

tpHL. *PLH 

Maximum Propagation 

Rl=i Kn 

2.0V 

63 

125 

158 

186 

mm 


Delay 


4.5V 

13 

25 

32 

37 

mM 




6.0V 

11 

21 

27 

32 

ns 

tTHL 

Maximum Output 


2.0V 

30 

H 

95 

110 

ns 


Fall Time 


4.5V 

8 

mm 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


20 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5; Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
Is = CpD Vcc t + Ice- The power dissipated by Rl is not included. 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC03/74HC03 




















































MM54HC04/74HC04 



MM54HC04/MM74HC04 Inverter 


General Description 

These Inverters utilize microCMOS Technology, 3.5 michah 
silicon gate P-well CMOS, to achieve operating speeds altril* 
lar to LS-TTL gates with the low power consumption of stah- 
dard CMOS integrated circuits. 

The MM54HC04/MM74HC04 is a triple buffered inverter. It 
has high noise immunity and the ability to drive 10 LS-Ttl 
loads. The 54HC/74HC logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

B Typical propagation delay: 8 ns 
B Fan out of 10 LS-TTL loads 

B Quiescent power consumption: 10 /xW maximum at 
room temperature 
fl Typical input current: lO"® 


Connection Diagram 


\ 


Dual-ln-Llne Package 

Vcc A6 Y8 AS Y5 A4 Y4 



14 

13 

12 

11 

10 

9 

8 


-i>o- 

— ^O- 



->o- 

— ^o- 



1 

2 

3 

4 

5 

6 

7 


A1 Y1 A2 Y2 A3 Y3 GND 


TOP VIEW 

MMS4HC04/MM74HC04 
54HC04(J) 74HC04(J,N) 


TL/F/5069-1 


Logic Diagram 



1 of 6 Inverters 


TL/F/5069-2 


f-14 




Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

- 0.5 to + 7.0V 


Min 

Max 

Units 

DC Input Voltage (Vin) 

-1.5 to VCC+1-5V 

Supply Voltage(Vcc) 

■ 2 

6 

V 

DC Output Voltage (Vqut) 

— 0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

{'^iNi''/0UT) . 




DC Output Current, per pin (Iqut) 

±25 mA 

Opofating Temperature RangefTA) 



DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM74HC 

-40 

+ 85 

-c 

Storage Temperature Range (Tstg) 

-65°Cto +150‘C 

MM54HC 

-55 

+ 125 

-c 

Power Dissipation (Pp) (Note 3) 

500 mW 

Input pise or Fall Times 




Lead Temperature (TO (Soldering 10 seconds) 260°C 

(tf.t;) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25^0 1 

1 

74HC 

Ta=-40 to 85°C 

54HC 

Ta= -55 to125”C 

Units 









Typ 1 


Guaranteed Limits 


ViH 

Minimum High Level 




1.5 



V 


Input Voltage 




a.i5 



V 





^^9 

4.2 



V 

V|L 

Maximum Low Level 


^^9 



0.3 

0.3 

V 


Input Voltage 


^^9 


m 

0.9 

0.9 

■■ 





^^9 

1.2 

1.2 

1.2 

■■ 

Vqh 

Minimum High Level 

> 

II 

z 

> 








Output Voltage 

|IoUtI^20 )iA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4-4 

4.4 

4.4 

V 




6.0V 

6.0 

5,9 

5.9 

5.9 

V 



V|N = V|L 
|IoutI^ 4.0 mA 

^^1 

4.2 

398 

3.84 

3.7 

V 



i'oUTl^5.2 mA 

BO 

5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V,H 

M 





■1 


Output Voltage 

|Iout 1^20 fiA 


0 

0.1 

0.1 

0.1 





^^9 

0 

0.1 

0.1 

0.1 






0 

0.1 

0.1 

0.1 

■■ 



ViN = V|H 
1IoutI^ 4.0 mA 

^^9 

0.2 



0.4 

V 



I'out 1^6.2 mA 

litiW 

0.2 

mSm 

■BOH 

0.4 

V 

'in 

Maximum Input 
Current 

V|N~Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

)iA 

'cc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


2.0 

20 

40 

)j.A 


Supply Current 

IOUT=0 )i,A 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mVV/°P trom eS'C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages {Vqh. and Vq,J occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vil occur at Vcc = 5.5V and 4.5V respectively, (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 



1-15 


MM54HC04/74HC04 



































































MM54HC04/74HC04 


AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl = 15 pF. tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


8 

15 

ns 


AC Electrical Characteristics 

Vec = 2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 25»C 

74HC 

Ta=- 40 to SS-C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 



55 

95 

120 

145 

mm 


Delay 



11 

19 

24 

29 

UM 




1 6.0V 1 

9 

16 

20 

24 

ns 

tTLH- tTHL 

Maximum Output Rise 

' 


30 


95 

110 

ns 


and Fall Time 



8 

19 

19 

22 

ns 





7 

H 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

jm 

20 




pF 


Capacitance (Note 5) 





' 



C|N 

Maximum Input 


mm 

5 

10 

10 

10 

pF 


Capacitance 









Note 5; CpD determines the no load dynamic power consumption, Pd=Cpd Vcc® f+lcc Vcc. and the no load dynamic current consumption, 
ls = Cpo Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


microCMOS 


MM54HC08/MM74HC08 Quad 2-Input AND Gate 


General Description 

These AND gates utilize microCMOS Technoiogy, 3.5 mi- 
cron siiicon gate P-weil CMOS, to achieve operating speeds 
simiiar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. The HC08 has buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC/74HC logic famiiy is func- 
tionaliy as weil as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical propagation delay: 7 ns (tpHiJ. 12 ns (tptH) 

■ Fanout of 10 LS-TTL loads 

■ Quiescent power consumption; 2 fiA maximum at 
room temperature 

■ Typical input current: 10“5 


Connection Diagram 


Dual-ln-Llne Package 


Vcc B4 A4 Y4 B3 A3 Y3 



A1 B1 Y1 A2 B2 Y2 GND 

TOP VIEW 

MM54HC08/MM74HC08 


54HC08(J) 74HC08(J,N) 
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MM54HC08/MM74HC08 







MM54HC08/MM74HC08 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage(Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage(ViN) 

-1.5toVcc+1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage(VouT) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current(l|K. Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin(louT) 

±25 mA 

Operating Temperature RangefTA) 



DC Vcc or GND Current, per pin(lcc) 

±50 mA 

MM74HC 

-40 

+ 85 

'C 

Storage Temperature Range(TsTG) 

-65'’Cto +150“C 

MM54HC 

-55 

+ 125 

•c 

Power Dissipation(PD) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature(T 0 (Soldering 1 0 seconds) 260‘'C 

(tr.tf) Vcc = 2.0 V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) . 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'’C 

74HC 

Ta=- 40 to SS'C 

54HC 

Ta=- 55 to125'’C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Levei 




1.5 


1.5 

V 


input Voltage 




3.15 


3.15 

V 






4.2 


4.2 

V 

V|L 

Maximum Low Level 




mm 

0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H 

M 







Output Voltage 

|IoutI^20 fiA 


2.0 

1.9 

1.9 

1.9 

V 




^^9 

4.5 

4.4 

4.4 

4.4 

V . 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^ 20 fiA 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 


0.2 



0.4 

V 



|IoutI^ 6.2 mA 


0.2 



0.4 

V 

l|N 

Maximum input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

/liA 

■cc 

Maximum Quiescent 

V|N~ Vcc or GND 

6.0V 



20 

40 

)liA 


Suppiy Current 

IOUT = 0 /±A 



■i 





Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°Cto125°C 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh- and VqiJ occur tor HC at .4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V tind 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur tor CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, tr = t( = 6 ns 



AC Electricai Characteristics 


Vcc = 2.0V to e.OV, Cl = 50 pF, tr = tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55 to125'’C 

Units 

Typ 

Guaranteed Limits 

tpHL 

Maximum Propagation 


IQ9 

MM 

121 

151 

175 



Delay Output High to Low 



19 

24 

30 

35 

99 





19 

20 

25 

30 

ns 

tPLH 

Maximum Propagation 


2.0V 

30 

m 

95 

110 

ns 


Delay Output 


4.5V 

8 

o 

19 

22 

ns 


Low to High 


6.0V 

7 

13 

16 

19 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 


95 

110 

ns 


and Fall Time 



8 

mm 

19 

22 

ns 




III^Q 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


38 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



4 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc ^cc. arid the no load dynamic current consumption, 
ls = CpD Vcc t + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC08/MM74HC08 

























































MM54HC1 0/MM74HC1 0 



National 

Semiconductor 



MM54HC10/MM74HC10 Triple 3-Input NAND Gate 


General Description 

These NAND gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-weli CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical propagation delay: 8 ns 

■ Wide power supply range: 2-6V 

■ Low quiescent current: 20 ^A maximum (74HC series) 
B Low input current: 1 p,A maximum 

■ Fanout of 10 LS-TTL loads 



Logic Diagram 



Y=ABC 

TL/F/5153-2 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max . 

Units 

DC Input Voltage (Vin) 

-1.5 to Vcc + I.SV 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Icc) 

±50 mA 

MM74HC 

-40 

+ 85 

°c 

Storage Temperature Range (Tsjg) 

-65“Cto +150°C 

MM54HC 

-55 

+ 125 

'C 

Power Dissipation (Pc) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (T J (Soldering 1 0 seconds) 260‘’C 

(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


pc Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55 to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 


1.5 

V 


Input Voltage 




3.15 


3.15 

V 





^^9 

4.2 


4.2 

V 

V|L 

Maximum Low Level 


2.0V 



0.3 

0.3 

V 


Input Voltage 


4.5V 


^^9 

0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|n = V|h orViL 








Output Voltage 

|IoutI^20 jiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = ViH orViL 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

X 

> 

11 

z 

> 

M 







Output Voltage 

|IoutI^ 20 /iA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

mm 




BUM 

0 

0.1 

0.1 

0.1 




V|N = V|H 
|IoutI^ 4.0 mA 

M 

0.2 

0.26 

0.33 

0.4 

■ 



jlouTi^5.2 mA 


0.2 

0.26 

0.33 

0.4 

V 

■ 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


2.0 

20 

40 

pA 


Supply Current 

Iout = 0)iA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and V|t. occur at Vcc = S-SV and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 



MM54HC10/MM74HC10 

































































MM54HC10/MM74HC10 


AC Electrical Characteristics 

Vcc=5V, Ta=25‘'C, Cl = 15 pF, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


8 

15 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=25“C 

74HC 

TA=-40to85°C 

54HC 

Ta=-55 10 125^ 

Units 

Typ 

Guaranteed Limits ' 

tpHL. IPLH 

Maximum Propagation 



48 

90 

113 

134 



Delay 



10 

18 

23 

27 

■■ 





8 

15 

19 

23 

ns 

tTLH. ItHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


20 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 






* 



Note 5: Cpo determines the no load dynamic power consumption. Pb=CpD Vcc^ *+lcc Vcc. and the no load dynamic current consumption, 

ls=CpQ Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC11/MM74HC11 Triple 3-Input AND Gate 



General Description 

These AND gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC/74HC logic family is func- 
tionally as weir as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical propagation delay: 12 ns 
a Wide power supply range: 2-6V 

■ Low quiescent current: 20 p.A maximum (74HC series) 
a Low input current: 1 /xA maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-ln-Llne Package 


Vcc Cl 


Y1 


C3 


B3 A3 


Y3 



TOP VIEW 

MM54HC11/MM74HC11 
54HC11 (J) 74HC11 (J,N) 


Logic Diagram 

A 

B 

C 

TL/F/5298-2 

(1 OF 3 GATES) 



1-23 


MM54HC11/MM74HC11 







MM54HC11/MM74HC11 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Icc) 

±50 mA 

MM74HC 

-40 

±85 , 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150°C 

MM54HC 

-55 

±125 

°c 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (Tl) (Soldering 10 seconds) 260°C 

< 

o 

o 

II 

ro 

b 

< 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Eiectrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

TA=-40to85°C 

54HC 

Ta= - 55to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

1 

Minimum High Level 


2.0V 


1.5 

1 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

■V 




6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 




0.3 

0.3 

0.3 

■ V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

X 

> 

II 

2 

> 

M 







Output Voltage 

|IoutI^20 11 . a 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





! 6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H 

HI 





■■ 



|IoutI^ 4.0 mA 

ISi 

4.2 

3.98 


3.7 




|IoutI^ 5.2 mA 


5.7 

5.48 

loiiOilim 

5.2 


VoL 

Maximum Low Level 

V|N = V|H0rV|L 

M 





B 


Output Voltage 

llourl^SOfiA 


0 

0.1 

0.1 

0.1 






0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|h or V|L 

Hi 







' 

|IoutI^ 4.0 mA 

QSi 

0.2 

0.26 

0.33 

0.4 

V 

1 


IIqutI^ 5.2 mA 

09 

0.2 


0.33 

0.4 

V 

l|N 

Maximum Input 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

)i.A 


Current 








Icc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


2.0 

, 20 

40 

juA 


Supply Current 

IOUT"=0 pA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to e5°C; ceramic "J" package: -12 mW/°C from 
fOO-C to 125''C. 

Note 4: For a power suppiy of SV ±10% the worst case output voitages (Vqh. arid VoiJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectiveiy. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-24 






























































AC Electrical Characteristics 

Vcc = 5V, Ta = 25*C, Cl= 15 pF. tr=tt=6 ns (Note 6) 


Symbol 

Parameter 

tPHL. tpLH 

Maximum Propagation 
Delay 


Typ 

Guaranteed 

Limit 

Units 

12 

20 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 
Delay 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

ClN 

Maximum Input 
Capacitance 




TA=-40to85'C TA=-55to125'“C 


Guaranteed Limits 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits, 
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MM54HC11/MM74HC11 
















































MM54HC14/MM74HC14 



National 

Semiconductor 



MM54HC14/MM74HC14 Hex Inverting Schmitt Trigger 

General Description 

The MM54HC14/MM74HC14 utilizes microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power dissipation and high noise immunity of standard 
CMOS, as well as the capability to drive 10 LS-TTL loads. 

The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 

Connection Diagram 

Dual-ln-Llne Package 


Features 

■ Typical propagation delay: 13 ns 

■ Wide power supply range; 2-6V 

■ Low quiescent current; 20 juA maximum (74HC series) 

■ Low input current: 1 jxA maximum 

■ Fanout of 10 LS-TTL loads 

■ Typical hysteresis voltage: 0.9V 
at Vcc = 4.5V 



MM54HC14/MM74HC14 


54HC14(J) 74HC14(J,N) 


Schematic Diagram 


Vcc 



TL/F/5105-2 
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Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc+ l-SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 

Clamp Diode Current (Iik, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°Cto +150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


Operating Conditions 

Min Max Units 

Supply Voltage(Vcc) 2 6V 

DC Input or Output Voltage 0 Vcc V 

(Vin.Vqut) 

Operating Temperature Range(TA) 

MM74HC -40 +85 “C 

MM54HC -55 +125 “C 


DC Electricai Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25'C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 tOl25'C 

Units 





j 




Typ 


Guaranteed Limits 


Vt + 

Maximum Positive 



1.2 

la 

1.5 

1.5 

V 


Going Threshold Voltage 



2.7 


3.15 

3.15 

V 




1 6.0V 

3.2 

Bl 

4.2 

4.2 

V 

Vt- . 

Minimum Negative 



0.7 


0.3 

0.3 

V 


Going Threshold Voltage 



1.8 

■WM 

0.9 

0.9 

V 





2.2 

1.2 

1.2 

1.2 

V 

Vh 

Hysterisis Voltage 

Min 

2.0V 

0.5 

0.2 

0.2 

0.2 

V 




4.5V 

0.9 

0.4 

0.4 

0.4 

V 




6.0V 

1.0 

0.6 

0.6 

0.6 

V 



Max 

2.0V 

0.5 

1.2 

1.2 

1.2 

V 




4.5V 

0.9 

2.25 

2.25 

2.25 

V 




6.0V 

1.0 

3.0 

3.0 

3.0 

V 

VOH 

Minimum High Level 

> 

II 

z 

> 

M 







Output Voltage 

|Iout 1^20 p.A 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|L 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



ilouTl^5.2 mA 


5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

I 
> 

II 

z 

> 








Output Voltage 

|IoUtI^ 20 fiA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H 
|IoutI^ 4.0 mA 

1 

0.2 



0.4 

V 



|IoutI^ 5.2 mA 


0.2 

^^1 


0.4 

V 

•in 

Maximum Input 

Current 

ViN = Vcc O'’ GND 

6.0V 


±0.1 

±1.0 

±1.0 

jxA 

icc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 

■ 

mm 

20 

40 

jxA 


Supply Current 

IOUT = 0 mA 


■ 

m 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/°C from 65°C to BS'C; ceramic "J” package; -12 mW/°C from 
100°Cto 125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vqc = S-SV and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC14/MM74HC14 

















































































MM54HC1 4/MM74HC1 4 


AC Electrical Characteristics vcc=5v, ta=25“c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay 


12 

22 

ns 


AC Electrical Characteristics Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'‘C 

74HC 

Ta=- 40 to SS'C 

54HC 

Ta=- 55 tOl25'’C 

Units 

Typ 

Guaranteed Limits 

tPHL. IPLH 

Maximum Propagation 


2.0V 

60 

125 

156 

188 



Delay 


4.5V 

13 

25 

. 31 

38 

WBM 




6.0V 

11 

21 

26 

32 

ns 

Itlh. Ithl 

MEiximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


27 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input Capacitance 



5 

IB 

10 

10 

pF 


Note 6: CpD determines the no load dynamic power consumption, Po=CpD Vcc® f+lcc Vcc. and the no load dynamic current consumption. 
ls = CpD Vcc *+lcc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Typical Performance Characteristics 


Input Threshold, Vt+, Vj-, 
vs Power Supply Voltage 



2.6 3.0 4.0 5.0 6.0 

POWER SUPPLY VOLTAGE (V) 

TL/F/5105-3 


Propagation Delay vs Power 
Supply 



2.0 3.0 4.0 5.0 6.0 

POWER SUPPLY VOLTAGE (V) 

TL/F/5105-4 


Typical Applications 

Low Power Oscillator . 


n 



ti = RC In 


yii 

V-T 


t 2 =RC In 


Vcc-Vt- 

Vcc-Vt+ 


f=: 


1 


RC In 


Vt+(Vcc~Vt-) 

Vt-(Vcc-Vt+) 


Note; The equations assume ti + t 2 »tp<jo+ tpo; 


Vcc 


V 

V,. • 

V 


\ 

Vcc 

V,N 

ll - 

vt t 

2 ^ 

- 


VouT W • 


TL/F/5105-6 
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National 

Semiconductor 


microCMOS 


MM54HC20/MM74HC20 Dual 4-Input NAND Gate 


General Description 

These NAND gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-Well CMOS, to achieve operating 
speeds similar to LS-TTL gates with the low power consump- 
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LS-TTL loads. The 54HC/74HC logic 
family is functionally as well as pin-out compatible with the 
standard 54LS/74LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Vcc and ground. 


Features 

■ Typical propagation delay; 12 ns 

■ Wide power supply range: 2-6V 

■ Low quiescent current: 20 p,A maximum (74HC series) 

■ Low input current: 1 fiA maximum 

■ Fanout of 10 LS-TTL loads 
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MM54HC20/MM74HC20 







MM54HC20/MM74HC20 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature RangefT a) 



DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM74HC 

-40 

+ 85 

'C 

Storage Temperature Range (Tstg) 

-65"Cto +150‘’C 

MM54HC 

-55 

+ 125 

'C 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (TJ (Soldering 10 seconds) 260'’C 

(tr.tf) Vcc=2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'C 

74HC 

TA=-40to85'’C 

54HC 

TA=-55to125'C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 




warn 

0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

VOH 

Minimum High Level 

V|N = V|H orViL 

Ml 







Output Voltage 

|IoutI^20 11 a 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




KIM 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 


4.2 

3.98 

— 

3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

.V|N = V|H 








Output Voltage 

110071^20 p,A 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

' 0.1 

V 




6.0V , 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H 
|louTk4.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|I0UtI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

. Maximum Input 
Current 

ViN= Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

Icc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 



20 

40 

ju,A 


Supply Current 

Iout = 0 P'A 



m 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mwrc from 
10O"C to 125‘'C. 

Note 4: For a power supply of 5V ±1 0% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V Is 3.85V.) The worst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 


Vcc~5V, Ta = 25°C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 
Delay 


8 

15 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl=50 pF, tr=t(=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 25“C 

74HC 

TA=-40to85°C 

54HC 

Ta= -55 to125“C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 


mm 

45 

90 

113 

134 

mm 


Delay 



9 

18 

23 

27 

WBM 





8 

15 

19 

23 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 


95 

110 

ns 


and Fall Time 



8 

19 

19 

22 

ns 





7 

Q 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

jm 

20 




PF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 

1 ’ 

Capacitance 









Note 5: Cpo determines the no load dynamic power consumption. Pq=Cpd Vcc^ f+lcc Vcc. and the no load' dynamic current consumption, 


Is^CpD Vcc *+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC20/MM74HC20 

















































MM54HC27/MI\/I74HC27 



National 

Semiconductor 



microCMOS 


MM54HC27/MM74HC27 Triple 3-Input NOR Gate 


General Description 

These NOR gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC/74HC logic family is func- 
tionally as well as pin-out compatible with the standard 
54LS/74LS iogic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical Propagation Delay: 8 ns 

■ Wide Operating Supply Voltage Range: 2-6V 

■ Low Input Current: < 1 )li.A 

■ Low Quiescent Supply Current: 20 juA maximum (74HC 
series) 

■ Fanout of 10 LS-TTL Loads 


Connection and Logic Diagrams 

Dual-ln-Llne Package 

Vcc Cl Y1 C3 B3 A3 Y3 



54HC27 (J) 74HC27 (J,N) 


TL/F/5300-1 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) “ 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pp) (Note 3) 500 mW 

Lead Temperature (T l) (Soldering 1 0 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Vbltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0 V 


74HC 54HC 

TA=-40to85°C TA=-55to125'’C 


Max 

Units 

6 

V 

Vcc 

V 

+ 85 

'C 

+ 125 

“C 

1000 

ns 

500 

ns 

400 

ns 




■in 

Maximum Input 
Current 

V|N — VccofGNI^ 

6.0V 


±0.1 

±1.0 

±1.0 

/xA 

■cc 

Maximum Quiescent 
Supply Current 

V|N — Vcc or GND 
■out=0fA 

6.0V 


2.0 

20 

40 

/xA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N" package; -12 mW/”C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power suppiy of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. <The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
lcc> and Iqz) occur for CMOS at the higher voitage and so the 6.0V vaiues should be used. 
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MM54HC27/MM74HC27 


AC Electrical Characteristics 


Vcc=5V, Ta = 25°C, Cl = 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


6 

15 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl=50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 25«C 

74HC 

Ta=- 40 to 85“C 

54HC 

Ta=- 55 to125'’C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 



45 

90 

113 

134 

ns 


Delay 



9 

18 

23 

27 

ns 





8 

15 

19 

23 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 

El 

95 

110 

ns 


and Fall Time 



8 

19 

19 

22 

ns 





7 

H 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

|H 

36 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note S: CpD determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls“CpD Vcc f+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. ’ 
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National 

Semiconductor 


MM54HC30/MM74HC30 8-Input NAND Gate 


microCMOS 


General Description 

This NAND gate utilizes microCMOS Technology, 3.5 mi- 
cron siiicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. This device has high 
noise immunity and the ability to drive 10 LS-TTL loads. The 
54HC/74HC logic family is functionally as well as pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode ciamps to Vcc and ground. 


Features 

■ Typical propagation delay; 20 ns 

■ Wide power supply range: 2-67 

■ Low quiescent current; 20 ^A maximum (74HC series) 

■ Low input current: 1 /xA maximum 

■ Fanout of 10 LS-TTL loads 


Connection and Logic Diagrams 


Dual-ln-Llne Package 



B C D E F 

TOP VIEW 

MM54HC30/MM74HC30 
54HC30 (J) 74HC30 (J,N) 



Y = ABCDEFGH 
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MM54HC30/MM74HC30 








MM54HC30/MM74HC30 


Absolute Maximum Ratings (Notes i a 2) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc+1-5V 

DC Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

— 0.5 to Vcc 0.5V 

DC Input or Output Voltage 




Clamp Diode Current (Icd) 

±20mA 

(Vin.Vqut) 

0 

Vcc 

V 

DC Output Current, per pin (Iqui) 

±25 mA 

Operating Temperature Range (T^) 



DC Vcc Of GND Current, per pin (Ice) 

±50 mA 

MM74HC 

-40 

+ 85 

“C 

Storage Temperature Range (Tstg) 

-65"Cto +150“C 

MM54HC 

-55 

+ 125 

'C 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise/Fall Times 




Lead Temperature (TJ (Soldering, 10 seconds) 260°C 

(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25‘C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









IWl 


Guaranteed Limits 


V|H 

Minimum High Level Input 


2.0V 

■ 

1.5 

1.5 

1.5 

V 


Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 

■ 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

V 


Voltage 


4.5V 


TOM 

0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level Output 

V|N = V|H orViL 








Voltage 

|IoutI^20 fiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H OrViL 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 5-2 nriA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level Output 

X 

> 

II 

z 

> 


■ 






Voltage 

|IoutI^20 jxA 

2.0V 

D 

0.1 

0.1 

0.1 

n 




4.5V 

mm 

0.1 

0.1 

0.1 





6.0V 

III 

0.1 

0.1 

0.1 

■1 



V|N = V|H 
|louTk4mA 

4.5V 

0.2 

0.26 


0.4 

V 



il0UTl^6-2mA 

6.0V 

0.2 

0.26 


0.4 

V 

l|N 

Maximum Input Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

ju,A 

■cc 

Maximum Quiescent Supply 

V|N ~ Vcc or GND 

6.0V 


2.0 

20 

40 

fiA 


Current 

•OUT = 0 pA 








Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless othenvise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J” packdge: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively, (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n. 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6,0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V. Ta = 25°C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation Delay 


20 

30 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to e.OV, Cl = 50 pF, tr = t|=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25*C 

74HC 

Ta= -40 to 85“C 

54HC 

Ta= -55to125'’C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 


2.0V 

66 

160 

190 

220 

n 


Delay 


4.5V 

23 

35 

42 

49 

WBM 




6.0V 

18 

30 

36 

42 

ns 

tTLHp tTHL 

Maximum Output 


2.0V 

30 

75 

95 

110 

ns 


Rise and Fall 


4.5V 

8 

15 

19 

22 

ns 


Time 


6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 



34 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc ^cc. 30^ 11^6 ho load dynamic current consumption, 
ls=CpD Vcc t+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC30/MM74HC30 





















































MM54HC32/MM74HC32 


National 


MM54HC32/MM74HC32 Quad 2-Input OR Gate 



microCMOS 


General Description 

These OR gates utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to achieve operating speeds simi- 
lar to LS-TTL gates with the low power consumption of stan- 
dard CMOS integrated circuits. All gates have buffered out- 
puts, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC/74HC logic family is functional- 
ly as well as pin-out compatible with the standard 54LS/ 
74LS logic family. All inputs are protected from damage due 
to static discharge by internal diode clamps to Vcc and 
ground. 


Connection Diagram 


Features 

■ Typical propagation delay: 10 ns 
B Wide power supply range: 2-6V 
B Low quiescent current: 20 ju,A maximum (74HC series) 
B Low input current: 1 ^A maximum 
B Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


Vcc B4 


B1 Y1 A2 B2 Y2 GND 


M54HC32/MM74HC32 


54HC32 (J) 74HC32 (J,N) 


Logic Diagram 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vqut) ~ 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260“C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

+ 85 

'C 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

°c 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 

■ 

19 


1.5 

V 


Input Voltage 


4.5V 




3.15 

V 




6.0V 


ig 


4.2 

V 

VlL 

Maximum Low Level 


2.0V 

■ 


0.3 

0.3 

V 


Input Voltage 


4.5V 



0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H orViL 








Output Voltage 

|IoutI^20 ;iA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

1 

4.7 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 

IBI 

5.2 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

> 

II 

z 

> 






■1 


Output Voltage 

lloUTk20 txA 

2.0V 

0 

0.1 

0.1 

0.1 





4.5V 

0 

0.1 

0.1 

0.1 

■■ 




6.0V 

0 

0.1 

0.1 

0.1 

■1 



V|N = ViL 
|IoutI^ 4.0 mA 


0.2 

0.26 

0.33 

0.4 

V 



||outI^ 5.2 mA 


0.2 

0.26 

0.33 

0,4 

V 

■in 

Maximum Input 
Current 

V|N~ Vcc O'” gnd 

6.0V 


±0.1 

±1.0 

±1.0 

p.A 

Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

Bi 


2.0 

20 

40 

fiA 


Supply Current 

iouT=o fA 

mu 







Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ali voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current {I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should bo used. 
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MM54HC32/MM74HC32 





































































MM54HC32/MM74HC32 


AC Electrical Characteristics 

Vcc=5V. Ta=25°C, Cl= 15 pF, tr=tf=6 ns (Note 6) 


Symbol : 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


10 

18 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Vec 

Ta = 

25'’C 

74HC 

Ta=-40 to SS'C 

54HC 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 



30 

100 

125 

150 

mm 


Delay 



12 

20 

25 

30 

mM 





9 

17 

21 

25 

ns 

tTLH, tTHL 

Maximum Output Rise 



30 

II 

95 

110 

ns 


and Fall Time 



8 

■ 1 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

|B 

50 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
Is = CpD Vcc t+ Ice- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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microCMOS 


MM54HC42/MM74HC42 BCD-to-Decimal Decoder 


General Description 

This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. Data on the four input pins select 
one of the 10 outputs corresponding to the value of the BCD 
number on the inputs. An output will go low when selected, 
otherwise it remains high. If the input data is not a valid BCD 
number all outputs will remain high. The circuit has high 
noise immunity and low power consumption usually associ- 
ated with CMOS circuitry, yet also has speeds comparable 
to low power Schottky TTL (LS-TTL) circuits, and is capable 
of driving 10 LS-TTL equivalent loads. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Connection Diagram 

Dual-in-llne Package 


|l6 |is |l4 |l3 |l2 In |io Is 


Features 

B Typical propagation delay: 15 ns 
a Wide supply range: 2\/-6V 
n Low quiescent current: 80 p,A (74HC) 
n Fanout of 10 LS-TTL loads 


Truth Table 


Inputs Outputs 

DCBA01 23456789 

LLLLLHHHHHHHHH 

LLLHHLHHHHHHHH 

LLHLHHLHHHHHHH 

LLHHHHHLHHHHHH 

LHLLHHHHLHHHHH 
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MM54HC42/MM74HC42 










MM54HC42/MM74HC42 


Absolute Maximum Ratings (Notes i & 2) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

—0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k. Iqk) 

± 20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Ice) 

± 50 mA 

MM74HC 

-40 

+ 85 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150‘’C 

MM54HC 

-55 

+ 125 

'C 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 

(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics (Note 4) 






Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

Ta=- 40 to BS'C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H- 

Minimum High Levei 


mL 


1.5 

1.5 

1.5 

V 


Input Voltage 


mi 


3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 





0.3 


V 


Input Voltage 





0.9 


V 






1.2 

1.2 


V 

Vqh 

Minimum High Level 

V|N = V|H orViL 

M 







Output Voltage 

IIqutUSO }iA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H 0rV(L 
|IoutI^4.0 mA 

1 

4.2 

3.98 


3.7 

V 



|IoutI^ 5-2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Minimum Low Level 

V|N = V|H or V|L 

Mi 







Output Voltage 

|louTk20 fiA 

mi 

0 

0.1 

0.1 

0.1 

V 




ISSi 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
|louTk4.0 mA 

1 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 5.2 mA 


0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

jliA 

Ice 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 


8.0 

80 

160 

}iA 


Supply Current 

Iqut^O pA 








Not# 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65"C to 85“C: ceramic "J” package: -12 mW/°C from 
100“C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc “ 5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (Iin, 
Icct and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-42 
































































AC Electrical Characteristics 

Vcc=5V. Ta = 25'’C, Cl= 15 pF, tr = tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. *PLH 

Maximum Propagation 
Delay 


15 

25 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'‘C 

74HC 

Ta= -40 to 85°C 

54HC 

TA=-55to125X 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 



75 

150 

189 

224 

B 


Delay 



17 

30 

38 

45 






15 

26 

32 

38 

ns 

tjLH. ItHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per package) 

■l 





pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc t + lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC42/MM74HC42 



















































MM54HC51/74HC51 

MM54HC58/74HC58 



National 

Semiconductor 


PRELIMINARY 



microCMOS 


MM54HC51/MM74HC51 Dual AND-OR-Invert Gate 
MM54HC58/MM74HC58 Dual AND-OR Gate 


General Description 

These gates utilize microCMOS Technology, 3.5 micron sili- 
con gate P-well CMOS, to achieve operating speeds similar 
to LS-TTL gates with the low power consumption of stan- 
dard CMOS integrated circuits. All gates have buffered out- 
puts, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC/74HC logic family is functional- 
ly as well as pin-out compatible with the standard 54LS/ 
74LS logic family. All inputs are protected from damage due 
to static discharge by internal diode clamps to Vcc and 
ground. 


Features 

■ Typical propagation delay: 10 ns 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 20 /tA maximum 
(74 series) 

■ Low input current: 1 juA maximum 

■ High output current: 4 mA minimum 


Connection Diagrams 

Dual-In-Line Package 
Vcc Cl B 1 FI El D1 Y1 


IDi 

HI 

m 


m 

m 

1 

■■ 

1 

H 

s 

m 

■ 



I 

d 

m 

i 

1 


d 


■1 

■ 


HK 


m 

■1 

m 

DH9i 



A1 A2 B2 C2 D2 Y2 GND 

TOP VIEW TL/F/5302-1 

MM54HC51/MM74HC51 
54HC51 (J) 74HC51 (J,N) 


Dual-ln-Llne Package 
Vcc Cl B1 FI El D1 Y1 



A1 A2 B2 C2 D2 Y2 GND 

TOP VIEW TL/F/5302-2 

MM54HC58/MM74HC58 

54HC58 (J) 74HC58 (J,N) 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 to Vcc + TSV 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k. Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc Of GND Current, per pin (Ice) 

±50 mA 

MM74HC 

-40 

±85 

°c 

Storage Temperature Range (Tstg) 

-eS'C to ±150‘’C 

MM54HC 

-55 

±125 

-c 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (TJ (Soldering 10 

seconds) 260“C 

(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



* Vcc = 6.0 V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25X 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55to125°C 

Units 





Typ 

Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 


mm 

'1.5 


Mm 


Input Voltage 


4.5V 



3.15 


MM 




6.0V 


B1 

4.2 



V|L 

Maximum Low Level 


2.0V 


0.3 

0.3 

0.3 

MM 


Input Voltage 


4.5V 


0.9 

0.9 

0.9 

MM 




6.0V 


1.2 

1.2 

1.2 

MM 

Vqh 

Minimum High Level 

V|N = V|HOryiL 








Output Voltage 

1IoutI^20 tiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 





6.0V 

6.0 

5.9 

5.9 

5.9 




V|n = V|h orViL 
1IoutI^4.0 mA 

n 

4.2 

3.98 

3.84 

3.7 




|IoutI^ 5.2 mA 


5.7 

5.48 

5.34 

5.2 


Vql 

Maximum Low Level 

V|n = V|h orViL 






■jS 


Output Voltage 

|IoutI^20 11 a 

2.0V 

0 

0.1 

0.1 

0.1 





4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 




ViN = V|Hor V|L 
|IoutI^ 4.0 mA 


0.2 

0.26 

0.33 

0.4 

■ 


‘ 

IioutI^S-S mA 


0.2 

0.26 

0.33 

0.4 

■■ 

l|N 

Maximum Input 
Current 

ViN~Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

p.A 

Ice 

Maximum Quiescent 

V|N“ Vcc or GND 

6.0V 


2.0 

20 

40 

/iA 


Supply Current 

loUT="0 p.A 








Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package; -12 mW/°C from 
lOO'C to 125°C. 


Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
lcc> 3od Iqz) occur tor CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC51/74HC51 

MM54HC58/74HC58 































































MM54HC51/74HC51 

MM54HC58/74HC58 


AC Electrical Characteristics 


Vcc = 5V, Ta = 25°C. Cl=15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 
Delay 


10 

20 

ns 


AC Electricai Characteristics 

Vcc=2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 


2.0V 

63 

125 

158 

186 

ns 


Delay 


4.5V 

13 

25 

32 

37 

ns 




6.0V 

11 

21 

27 

32 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 


ESI 

8 

15 

19 

22 

ns 




Mi 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per AND-OR-Gate) 


20 




pF 


Capacitance (Note 5) 

. 







C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc ^CC> srid the no load dynamic current consumption. 
Is-CpD Vcc t+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC73/MM74HC73 Dual J-K Flip-Flops with Clear 



General Description 

These J-K Flip-Flops utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS. They possess the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits. These devices can drive 10 LS- 
TTL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent, J, K. CLOCK, and 
CLEAR inputs and Q and Q outputs. CLEAR is independent 
of the clock and accomplished by a low level on the input. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voltage range: 2-6V 
B Low input current: 1 jiA maximum 

B Low quiescent current: 40 fiA (74HC series) 

B High output drive: 10 LS-TTL loads 


Connection Diagram 


Truth Tabie 


Dual-ln-Llne Package 


01 


14 


01 GNO 

|l2 111 


K2 


CLK 


o 

CLR 

K 




o 

■cl CLR 


CLK 




Inputs 

Outputs 

CLR 

CLK 

J 

K 

Q Q 

L 

X 

X 

X 

L 'h 

H 

i 

L 

L 

QO QO 

H 

i 

H 

L 

H L 

H 

i 

L 

H 

L H 

H 

1 

H 

H 

TOGGLE 

H 

H 

X 

X 

QO So 


|1 |2 |3 |4 |S |e 

CLK 1 CLR 1 K1 Vcc CLK 2 CLR 2 J2 

TOP VIEW TL/F/5072-1 

MM54HC73/MM74HC73 
54HC73 (J) 74HC73 (J,N) 


Logic Diagrams 



TL/F/5304-3 


CLOCK- 


TL/F/5304-2 


MM54HC73/MM74HC73 







I\/IM54HC73/MM74HC73 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to -I-7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 to Vcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5toVcc + P.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Icc) 

±50 mA 

MM74HC 

-40 

+ 85 

°c 

Storage Temperature Range (Tstg) 

-65°Cto +150‘'C 

MM54HC 

-55 

+ 125 

°c 

Power Dissipation (Pq) (Note 3) 

500 mW 

input Rise or Fall Times 




Lead Temperature (Tl) (Soidering 10 seconds) 260°C 

(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta= -55 to125X 

Units 

Typ 

Guaranteed Limits 

V,H 

Minimum High Level 

/ 



1.5 

1.5 

1.5 

n 


Input Voltage 




3.15 

3.15 

3.15 







4.2 

4.2 

4.2 

m 

V|L 

Maximum Low Level 





0.3 

0.3 

V 


Input Voltage 


BUM 



0.9 

0.9 

V 






1.2 

1.2 

1.2 

■Mi 

Vqh 

Minimum High Level 

V|N = V|H or V|L 

M 





S 


Output Voltage 

|louTl^20fiA 


2.0 

1.9 

1.9 

1.9 

HI 





4.5 

4.4 

4.4 

4.4 

HH 




6.0V 

6.0 

5.9 

5.9 

5.9 ’ 

H 



V|N = V|H dr V|L 

91 








|louTl^4.0mA 


4.2 

3.98 

3.84 

3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 

M 







Output Voltage 

I•OUTI^20 fiA 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

■■ 





0 

0.1 

0.1 

0.1 




V|N = V|H orViL 



■1 



s 



|IoutI^ 4.0 mA 

4.5V 

0.2 



0.4 

HI 



|IoutI^ 5.2 mA 

6.0V 

0.2 



0.4 

HI 

l|N 

Maximum Input 

V|N ~ Vcc or GND 




±1.0 

±1.0 

)xA 


Current 


mu 






•cc 

Maximum Quiescent 

ViN = Vcc or GND 

6.0V 



40 

80 

juA 


Supply Current 

loUT = 0pA 



Hi 





Note 1; Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ail voltages are referenced to ground. 

Note 3; Power Dissipation temperature derating — plastic “N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100”C to 12S°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25»c, cl=i5 pf. tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

^MAX 

Maximum Operating 
Frequency 


50 

30 

■ MHz 

tpHL. tpLH 

Maximum Propagation 

Delay Clock to Q or Q 


16 

21 

ns 

'PHL. tpLH 

Maximum Propagation 

Delay Clear to Q or Q 


21 

26 

ns 

tREM 

Minimum Removal Time, 
Clear to Clock 


10 

20 

ns 

ts 

Minimum Set Up Time, 

J or K to Clock 


14 

20 

ns 

tH 

Minimum Hold Time 

J or K to Clock 


-3 

0 

ns 

tw 

Minimum Pulse Width, 

Clock or Clear 


10 

16 

ns 


AC Electrical Characteristics Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Ta = 25»C 


Symbol 


fMAx Maximum Operating 

Frequency 


tpHL. tpLH Maximum Propagation 
Delay Clock to Q or Q 


tpHL. tpLH Maximum Propagation 
Delay Clear to Q or Q 


fREM Minimum Removal Time 

Clear to Clock 


Minimum Set Up Time 
J or K to Clock 


Minimum Hold Time 
J or K from Clock 


Minimum Pulse Width 
Clock or Clear 


tlLH. flHL Maximum Output Rise 
. and Fall Time 


Conditions 




CpD Power Dissipation 

Capacitance (Note 5) 


Maximum Input 
Capacitance 



= 25°C 

74HC 

Ta= -40 to 85‘C 

54HC 

Ta=- 55 to125°C 

Guaranteed Limits 

5 

4 

3 

27 

21 

18 

32 

25 

21 

126 

160 

185 

25 

32 

37 

21 

27 

32 

155 

194 

250 

31 

39 

47 

26 

32 

40 

100 

125 

150 

20 

25 

30 

17 

21 

25 

100 

125 

150 

20 

25 

30 

17 

21 

25 


80 

100 

120 

16 

20 

24 

14 

18 

21 

75 

95 

110 

15 

19 

22 

13 

16 

19 

1000 

1000 

1000 

500 

500 

500 

400 

400 

400 












Note 5: Crd determines the no load dynamic power consumption, Po=CpD Vcc^ *+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC73/MM74HC73 


Typical Applications 

N Bit binary ripple counter with enable and reset 



BIT 3 BIT 2 LSB 


TL/F/5072-4 


N Bit shift register with clear 



TL/F/5072-5 




1-50 






^ National 

Semiconductor microcMos 

MM54HC74/MM74HC74 

Dual D Flip-Flop with Preset and Clear 


General Description 

The MM54HC74/MM74HC74 utilizes microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS, to achieve oper- 
ating speeds similar to the equivalent LS-TTL part. It pos- 
sesses the high noise immunity and low power consumption 
of standard CMOS integrated circuits, along with the ability 
to drive 10 LS-TTL loads. 

This flip-flop has Independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go- 
ing transition of the clock pulse. Preset and clear are inde- 
pendent of the clock and accomplished by a low level at the 
appropriate input. 

Connection Diagram 

Dual-ln-Llne Package 


Vcc CLR2 02 CLK2 PR2 02 02 



TOP VIEW 

TL/F/5106-1 

MM54HC74/MM74HC74 
54HC74 (J) 74HC74 (J,N) 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide power supply range; 2-6V 

■ Low quiescent current: 40 p,A maximum (74HC series) 

■ Low input current: 1 p.A maximum 

■ Fanout of 10 LS-TTL loads 

Truth Tabie 


Inputs 

Outputs 

PR 

CLR CLK 

D 

Q 

Q 

n 


■ 

X 

D 




m 

• X 



■■ 


m 

X 



H 

H 

T 

H 

n 


H 

H 

T 

L 

H 


H 

H 

L 

X 

QO 



Note: Q0=th9 level of Q before the indicated input condi- 
tions were estabiished. 


• This configuration is nonstabie; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 
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MM54HC74/MM74HC74 










MM54HC74/MM74HC74 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (T stg) 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (TJ (Soldering 10 seconds) 

DC Electrical Characteristics (Note 4) 


Operating Conditions 


-0.5 to +7.0V 


Min 

Max 

Units 

-1.5toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vqut) 




±25 mA 

Operating Temperature RangefTA) 



MM74HC 

-40 

+ 85 

°c 

±50mA 

MM54HC 

-55 

+ 125 

'C 

-65°Cto +150‘'C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

:onds) 260‘’C 

Vcc = 4.5V 


500 

ns 

Vcc=6.0V 


400 

ns 


Symbol 

Parameter 

Conditions 

< 

o 

o 

Ta= 

25'‘C 

74HC 

Ta=-40 to 85“C 

54HC 

TA=-55to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 



n 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 



• 



4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 


2.0V 



0.3 

0.3 

V 


Input Voltage 


4.5V 


■^9 

0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H orViL 

M 







Output Voltage 

|IoutI^20 fiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 


4.3 

3.98 

— 

3.7 

V 



|IoutI^ 5-2 mA 


5.2 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HOrV|L 

Mi 







Output Voltage 

|IoutI^ 20 fiA 

mi 

0 

0.1 

0.1 

0.1 

V 




|g| 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|Hor V|L 
|louTi^4.0 mA 

4.5V 

0.2 



0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 


IHEhH 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc orGND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

•cc 

Maximum Quiescent 

ViN = Vcc or GND 

6.0V 


4.0 

40 

80 

fiA 


Supply Current 

IOUT=0 fiA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125''C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vu. occur at Vcc “ 5.5V and 4.5V respectively. (The V|n value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25‘“c. cl=i5 pf, tr=t(=6 ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'C 

74HC 

Ta= -40 toBS'C 

54HC 

Ta=- 55 to125X 

Units 

Typ 

Guaranteed Limits 

fMAX 

Maximum Operating 


2.0V 


5 

4 

4 

MHz 


Frequency 


4.5V 


27 

21 

18 

MHz 




6.0V 


32 

25 

21 

MHz 

tpHL. tPLH 

Maximum Propagation 


2.0V 

88 

175 

221 

261 

ns 


Delay Clock to Q orQ 


4.5V 

18 

35 

44 

52 

ns 




6.0V 

15 

30 

37 

44 

ns 

tPHL. fpLH 

Maximum Propagation 


2.0V 

98 

230 

290 

343 

ns 


Delay Preset or Clear 


4.5V 

30 

46 

58 

69 

ns 


ToQorQ 


6.0V 

28 

39 

49 

58 

ns 

fREM 

Minimum Removal Time 


2.0V 


25 

32 

37 

ns 


Preset or Clear 


4.5V 


5 

6 

7 

ns 


To Clock 


6.0V 


4 

5 

6 

ns 

fs 

Minimum Set Up Time 


2.0V 


100 

126 

149 

ns 


Data to Clock 


4.5V 


20 

25 

30 

ns 




6.0V 


17 

. 21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 


0 

0 

0 

ns 


Clock to Data 


4.5V 


0 

0 

0 

ns 




6.0V 


0 

0 

0 

ns 

tw 

Minimum, Pulse Width 


2.0V 

30 

80 

101 

119 

ns 


Clock, Preset or Clear 


4.5V 

9 

16 

20 

24 

ns 




6.0V 

8 

14 

17 

20 

ns 

fTLH. tTHL 

Maximum Output 


2.0V 

25 

75 

95 

110 

ns 


Rise and Fall Time 


4.5V 

7 

15 

19 

22 

ns 




6.0V 

6 

13 

16 

19 

ns 

fr« ^f 

Maximum Input Rise and 


2.0V 


1000 

1000 

1000 

ns 


Fall Time 


4.5V 


500 

500 

500 

ns 




6.0V 


400 

400 

400 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per flip-flop) 


80 




pF 

. C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 


Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vcc^ <+100 Vcc. and the no load dynamic current consumption, 
ls = Cpp Vpc f+Icc- 


Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

fPHL. tPLH 

Maximum Propagation 

Delay Clock to Q or Q 


16 

30 

ns 

fPHL. tPLH 

Maximum Propagation 

Delay Preset or Clear to Q or Q 


25 

40 

ns 

fREM 

Minimum Removal Time, 

Preset or Clear to Clock 



5 

ns 

fs 

Minimum Set Up Time 

Data to Clock 



20 

ns 

tH 

Minimum Hold Time 

Clock to Data 



0 

ns 

tw 

Minimum Pulse Width 

Clock, Preset or Clear 



16 

ns 


AC Electrical Characteristics Cl =50 pF, tr=tf=6 ns (unless othenvise specified) 
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MM54HC75/MM74HC75 


National 

Semiconductor 


microCMOS 


MM54HC75/MM74HC75 

4-Bit Bistable Latch with Q and Q Output 


General Description 

This 4-Bit Latch utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. To achieve the high noise immu- 
nity and low power consumption normally associated with 
standard CMOS integrated circuits. These devices can drive 
10 LS-TTL loads. 

This latch is ideally suited for use as temporary storage for 
binary information processing, input/output, and indicator 
units. Information present at the data (D) input is transferred 
to the Q output when the enable (G) is high. The O’ output 
will follow the data input as long as the enable remains high. 
When the enable goes low, the information that was present 
at the data input at the time the transition occurred is re- 
tained at the Q output until the enable is permitted to go 
high again. 


Connection Diagram 

Dual-ln-Llne Package 

_ ENABLE 

IQ 20 20 1-2 GND 30 30 40 

lie |l5 |l4 |l3 jl2 111 (lO |g 



10 ID 20 ENABLE Vcc 30 40 40 

3-4 

TOP VIEW TL/F/5303-1 

MM54HC75/MMS4HC75 
54HC75 (J) 74HC75 (J,N) 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

n Typical operating frequency: 50 MHz 
B Typical propagation delay: 12 ns 
B Wide operating supply voltage range: 2-6V 
n Low input current: < 1 fiA 
H Low quiescent supply current: 80 jxA maximum 
(74HC series) 

B Fanout of 10 LS-TTL loads 


Truth Table 


Inputs 

Outputs 

D G 

Q Q 

L H 

L H 

H H 

X L 

H L 

Qq Qo 


H = High Level: L=Low Level 
X = Don't Care: 

Qo=The level of Q before the transition of G 


Logic Diagram 


TO OTHER 
LATCH 



(1 of 4 latches) 
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Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (Iik. Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

“C 

DC Vcc or GND Current, per pin (Icc) 

±50 mA 

MM54HC 

-55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150”C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (T i) (Soldering 1 0 seconds) 260'‘C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics (Note 4) 






Symbol 


Conditions 


Ta=25X 


Typ 


74HC 54HC 

TA=-40to85‘’C Ta= - 55to125°C 


Guaranteed Limits 


Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 


Vqh 

Minimum High Level 

V|N = ViHorV(L 




Output Voltage 

1Iout1^20;iA 

2.0V 

2.0 




4.5V 

4.5 




6.0V 

6.0 



V|N = V|h orViL 
|IoutI^ 4.0 mA 

4.5V 

4.2 



il0UTi^5-2 mA 

6.0V 

5.7 

Vql 

Maximum Low Level 

ViN = V|H or V|L 




Output Voltage 

|Iout 1^20 fiA 

2.0V 

0 




4.5V 

0 




6.0V 

0 



V|N = V|Hor V|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 



|l0UTi^6.2 mA 

6.0V 

0.2 

l|N 

Maximum Input 
Current 

V|ts| = Vcc or GND 

6.0V 


Icc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 



Supply Current 

loUT^OpA 




1.5 

1.5 

1.5 

3.15 

3.15 

3.15 

4.2 

4.2 

4.2 

0.3 

0.3 

0.3 

0.9 

0.9 

0.9 

1.2 

1.2 

1.2 

1.9 

1.9 

1.9 

4.4 

4.4 

4.4 

5.9 

5.9 

5.9 

3.98 

3.84 

3.7 

5.48 

5.34 

5.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1, 

0.26 

0.33 

0.4 

0.26 

0.33 

0.4 

±0.1 

±1.0 

±1.0 

4.0 

40 

80 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85”C; ceramic "J” package: -12 mW/°C from 
100°Ctol25°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin. 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC75/MM74HC75 


AC Electrical Characteristics vcc=5v. ta=25°c. cl=i5 pf, tr=tf=6 ns / 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 
Delay, Data to Q 


14 

23 

ns 

tpHL. tpLH 

Maximum Propagation 
Delay, Data to ^ 


10. 

20 

ns 

tpHb tpLH 

‘ Maximum Propagation 
Delay, Enable to Q 


16 

27 

ns 

tpHL. tPLH 

Maximum Propagation 
Delay, Enable to Q 


11 

23 

ns 

ts 

Minimum Set Up Time 



20 

ns 

tH 

Minimum Hold Time 


-2 

0 

ns 

tw 

Minimum Pulse Width 



16 

ns 


AC Electrical Characteristics Cl = 50 pF, V=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to es-c 

54HC 

Ta= -55 10 125^ 

Units 

Bn 

Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 



37 

125 

156 

188 

ns 


Delay, Data to Q 



15 

25 

32 

38 

ns 





14 

24 

27 

32 

ns 

tPHL. tPLH 

Maximum Propagation 



29 

110 

138 

165 

ns 


Delay, Data to Q 



12 

22 

28 

33 

ns 





11 

19 

24 

, 29 

ns 

tPHL. tPLH 

Maximum Propagation 



H 

145 

181 

218 

ns 


Delay, Enable to Q 



19 

29 

36 

44 

ns 




QE9 

19 

25 

31 

38 

ns 

tPHL. tPLH 

Maximum Propagation 


2.0V 

36 

125 

156 

188 

ns 


Delay, Enable to Q 


4.5V 

15 

25 

31 

38 

ns 




6.0V 

14 

22 

28 

33 

ns 

ts 

Minimum Set Up Time 


2.0V 

19 

100. 

125 

150 

ns 


Data to Enable 


4.5V 

19 

20 

25 

30 

ns 




6.0V 

m 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

-10 


0 

0 

ns 


Enable to Data 


4.5V 

-2 

■I 

0 

0 

ns 




6.0V 

-2 

■■ 

0 

0 

ns 

tw 

Minimum Enable Pulse Width 


2.0V 

40 

80 

100 

120 

ns 




4.5V 

11 

16 

20 

24 

ns 




6.0V 

9 

14 

18 

21 

ns 

tTLH. tTHL 

Maximum Output 


2.0V 

25 

75 

95 

110 

ns 


Rise and Fall 


4.5V 

7 

15 

19 

22 

ns 


Time 


6.0V 

6 

13 

16 

19 

ns 

tr.tf 

Maximum Input Rise and 


2.0V 

my 

1000 

1000 

1000 

ns 


Fall Time 


4.5V 


500 

500 

500 

ns 




6.0V 

y^l 

400 

400 

400 

ns 

CpD 

Power Dissipation 

Capacitance (Note 5) 

(per flip-flop) 


40 




pF 

C|N 

Maximum Input 

Capacitance 



5 

10 



10 

10 

pF 


Note 5: Cpp determines the no load dynamic power consumption, Po=CpD Vcc^ t+lcc Vcc- and the no load dynamic current consumption, 
ls=CpD Vcc t+lcC’ 

Note 6: Refer to back pf this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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microCMOS 


MM54HC76/MM74HC76 Dual J-K Flip-Flops 
with Preset and Ciear 


General Description 

These high speed (30 MHz minimum) J-K Flip-Fiops utilize 
microCMOS Technology, 3.5 micron silicon P-weil CMOS, 
to achieve, the low power consumption and high noise im- 
munity of standard CMOS integrated circuits, along with the 
ability to drive 10 LS-TTL loads. 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and S outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voltage range 

■ Low input current: 1 fxA maximum 

■ Low quiescent current: 40 jxA maximum (74HC series) 

■ High output drive: 10 LS-TTL loads 



This IS an unstable condition, and is not guaranteed 


CLK 1 PR 1 CLR 1 J1 Vcc CLK 2 PR 2 CLR 2 
TOP VIEW TL/F/507 

MM54HC76/MM74HC76 
54HC76 (J) 74HC76 (J,N) 


Logic Diagrams 



MM54HC76/MM74HC76 
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MM54HC76/MM74HC76 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Iriput or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k. Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA ■ 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM74HC 

-40 

+ 85 

°c 

Storage Temperature Range (Tstg) 

-65“Cto +150“C 

MM54HC 

-55 

+ 125 

°c 

Power Dissipation (Pq) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (TJ (Soldering 10 seconds) 260*C 

(tr.tf) Vcc=2.0V 


1000 

ns 



Vcc=4.5y 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125'C 

Units. 







1 

Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 



V 


Input Voltage 




3.15 



V 




6.0V 1 


4.2 



V 

V|L 

Maximum Low Levei 




mm 

0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H or V|L 

M 







Output Voltage 

|IoutI^20 fiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 


4.2 

3.98 

mMjHji 

3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|n = V|h or V|L 

M 







Output Voltage 

1101)71^20 nA 

mi 

0 

0.1 

0.1 

0.1 

V 




lEl 

0 

0.1 

0.1 

0.1 

V 




09 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutN 4.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 5-2 nriA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N~VccorGND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

Icc 

Maximum Quiescent 

V|fs| = Vcc or GND 

6.0V 


D 

40 

80 

fA 


Supply Current 

Iout~0hA 



■1 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°Cto 125°C. • 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and Vn. occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf, tr=t(=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

fMAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

fpHL. tPLH 

Maximum Propagation Delay Clock to Q or Q 


16 

21 

ns 

tpHL. tpLH 

Maximum Propagation Delay Clear to Q or 5 


21 

26 

ns 

tPHL. tpLH 

Maximum Propagation Delay Preset to Q or Q 


23 

28 

ns 

fREM 

Minimum Removal Time, 


10 

20 

ns 

ts 

Minimum Set Up Time J or K to Clock 


14 

20 

ns 

tH 

Minimum Hold Time J or K to Clock 


-3 

0 

ns 

tw 

Minimum Pulse Width Preset, Clear or Clock 


10 

16 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'’C 

74HC 

Ta= -40 to BS'C 

54HC 

Ta= -55 to125X 

Units 

Typ 

Guaranteed Limits 

fMAX 

Maximum Operating 



9 

5 

4 

3 

MHz 


Frequendy 


Km 

45 

27 

21 

18 

MHz 





53 

31 

24 

20 

MHz 

tpHL. tPLH 

Maximum. Propagation 


2.0V 

100 

126 

160 

183 

ns 


Delay Clock to Q or Q 


4.5V 

20 

25 

31 

37 

ns 




6.0V 

17 

21 

27 

32 

ns 

fPHL. tpLH 

Maximum Propagation 



126 

155 

191 

250 

ns 


Delay Clear to Q or Q 



25 

31 

39 

47 

ns 





21 

26 

33 

40 

ns 

tpHL. fpLH 

Maximum Propagation 


2.0V 

137 

165 

210 

240 

ns 


Delay, Preset to Q or Q 


4.5V 

27 

33 

41 

50 

ns 


' 


6.0V 

23 

28 

35, 

40 

ns 

tREM 

Minimum Removal Time 


2.0V 

55 

100 

125 

150 

ns 


Preset or Clear 


4.5V 

11 

20 

25 

30 

ns 


to Clock 


6.0V 

9 

17 

21 

25 

ns 

fs 

Minimum Set Time 




100 

125 

150 

ns 


J or K to Clock 



19 

20 

25 

30 

ns 




1^^ 

m 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V' 

-3 

0 

0 

0 

ns 


J or K from Clock 


4.5V 

-3 

0 

0 

0 

ns 




6.0V 

-3 

0 

0 

0 

ns 

tw 

Minimum, Pulse Width, 



55 

80 

100 

120 

ns 


Preset, Clear or Clock 



11 

16 

20 

24 

ns 





9 

14 

18 

21 

ns 

tTLH. tTHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 




^^1 

7 

13 

16 

19 

ns 

tn tf 

Maximum Input Rise and 



wm 

1000 

1000 

1000 

ns 


Fall Time 


4.5V 


500 

500 

500 

ns 




6.0V 


400 

400 

400 

ns 

CpD 

Power Dissipation 

(per flip-flop) 


80 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 


■m 

5 

10 

10 

10 

pF 


Capacitance 









Note 6: CpD determines the no load dynamic power consumption, Pd = Cpd Vcc^ I+Icc Vcc. and the no load dynamic current consumption, 
ls“CpD Vcc * + lcC’ 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC76/MM74HC76 


/ 


Typical Applications 

N Bit presettable ripple counter with enable and reset 
DATA C DATA B DATA A 


COUNTER ENABLE I I I 



BIT 3 BIT 2 LSB 


TL/F/5074-4 


N Bit parallel load/serlal load shift register with clear 
DATA A DATA B DATA C 
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National 
Semiconductor 

MM54HC85/MM74HC85 4-Bit 
Magnitude Comparator 

General Description 

The MM54HC85/MM74HC85 is a 4-bit magnitude compara- 
tor that utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. It is designed for high speed comparison 
of two four bit words. This circuit has eight comparison in- 
puts, 4 for each word; three cascade inputs (A < B, A > B, 

A = B): and three decision outputs (A < B, A > B, A = B). 
The result of a comparison is indicated by a high level on 
one of the decision outputs. Thus it may be determined 
whether one word is "greater than." "less than,” or “equal 
to” the other word. By connecting the outputs of the least 
significant stage to the cascade inputs of the next stage, 
words of greater than four bits can be compared. In addition 
the least significant stage must have a high level applied to 
the A = B input, and a low level to the A < B, and A > B 
Inputs. 



The comparator’s outputs can drive 10 low power Schottky 
TTL (LS-TTL) equivalent loads, and Is functionally, and pin 
equivalent to the 54LS85/74LS85. All inputs are protected 
from damage due to static discharge by diodes to Vcc and 
ground. . 

Features 

■ Typical propagation delay: 27 ns 

■ Wide operating voltage range: 2-6V 

■ Low input current: 1 juA maximum 

■ Low quiescent current: 80 p.A maximum (74HC series) 

■ Output drive capability: 10 LS-TTL loads 


Connection Diagram Duat-in-LInc Package 


DATA INPUTS 



TOPVIEW TL/F/5205-1 


MM54HC85/MM74HC85 
54HC85 (J) 74HC85 (J.N) 


Truth Table 


Comparing 

Inputs 

Cascading 

Inputs 

Outputs 

A3, B3 

A2, B2 

A1,B1 

AO, BO 

A > B 

A < B 

A = B 

A > B 

A < B 

A = B 

A3 > B3 

X 

X 

X 

X 

X 

X 

H. 

L 

L 

A3 < B3 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 > B2 

X 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 < B2 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 > B1 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 < B1 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO > BO 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO < BO 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO = BO 

H 

L 


H 

L 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO = BO 

L 

H 


L 

H 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO = BO 




L 

L 

H 

A3 = B3 

A2 = B2 

A1 = B1 

AO = BO 

mm 



L 

L 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO = BO 

■■ 


■■ 

H 

H 

L 


1-61 


MM54HC85/MM74HC85 























MM54HC85/MM74HC85 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC ■ -40 

+ 85 

“C 

DC Vcc or GND Current, per pin (Icc) 

±50 mA ' 

MM54HC 

-55 

+ 125 

•c 

Storage Temperature Range (Tstg) 

-eS'Cto +150‘'C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (T i) (Soldering 1 0 seconds) 260‘’C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'C 

74HC 

Ta=- 40 to 85X 

S4HC 

Ta=- 55 tOl25°C 

Units 









Typ 


Guaranteed Limits 


V|H . 

Minimum High Level 




1.5 

1.5 

1.5 

MM 


Input Voltage 




3.15 

3.15 

3.15 

HI 






4.2 

4.2 

4.2 


V|L 

Maximum Low Level 



■ 


0.3' 

0.3 

n 


Input Voltage 



■ 


0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^20 fiA 

mm 

2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




111 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 
|IoutI^ 4.0 mA 

^^9 

4.2 

3.98 


3.7 

V 



.1 10071^5.2 mA 


5.7 

5.48 

IIIIIIIH3IIIIIIH 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 

M 







Output Voltage 

|IoutI^20 ^A 

mi 

0 

0.1 

0.1 

0.1 

V 




lii 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 
110071^4.0 mA 

4.5V 

0.2 

0.26 

— 

0.4 

V 



1 10071^6.2 mA 

6.0V 

0.2 

0.26 


0.4 

V 

•in 

Maximum Input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

•cc 

Maximum Quiescent 

V|[s| = Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

•out=o fA 








Note 1: Absolute Maximunn Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified aii voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100''C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. ®od Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25-’c. cl=i5 pf. v=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Units 

tpHL. IPLH 

Maximum Propagation Delay Data Input to A<B or A> B 


20 

36 

ns 

tpHL. tPLH 

Maximum Propagation Delay A = B lnputtoA=B Output 


12 

20 

ns 

tpHL. tPLH 

Maximum Propagation Delay Cascade Input to Output 


13 

26 

ns 

tpHL. tpLH 

Maximum Propagation Delay Data Input to A = B 


20 

30 

ns 


AC Electricai Characteristics Cl =50 pF, tf=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

Ta=- 40 to BS'C 

54HC 

Ta=-55 10 125^ 

Units 

Typ 

1 Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 


2.0V 

100 

210 

265 

313 

ns 


Delay Data Input to 


4.5V 

21 

42 

53 

63 

ns 


Output 


6.0V 

18 

36 

. 45 

53 

ns 

tpHL. <PLH 

Maximum Propagation Delay 


2.0V 

88 

175 

221 

261 

ns 


Data Input to A = B Output 


4.5V 

18 

35 

44 

52 

ns 




.6.0V 

15 

30 

37 

44 

ns 

tpHL. tPLH 

Maximum Propagation Delay 


2.0V 

63 

125 

158 

186 

ns 


A = B Input to A = B Output 


4.5V 

13 

25 

32 

37 

ns 




6.0V 

11 

21 

27 

32 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 


155 

195 

231 

ns 


Delay Cascade Input 


4.5V 

19 

31 

39 

46 

ns 


to Output (except A = B) 


6.0V 

19 

26 

33 

39 

ns 

tTLH. tTHL 

Maximum Output Rise 


2.0V 

25 

75 

95 

110 

ns 


and Fall Time 


4.5V 

7 

15 

19 

22 

ns 




6.0V 

6 

13 

16 

19 

ns 

C|N 

Maximum Input Capacitance 



5 

mm 

10 

10 

pF 

CpD 

Power Dissipation Capacitance 

(Note 5) 


mm 




pF 


Note S: CpD determines the no load dynamic power consumption, Pq = Cpo Vcc^ f+lcc Vcc. arid the no load dynamic current consumption, 
Is = Cpo Vcc f + IcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Typicai Appiication 


LEAST SIGNIFICANT 
4-BIT WORDS 


GNO — 

A>Bin 

Vcc — 

A = Bin 

GNO — 

A<Bin 

AO — 


A1 — 


A2 — 

•HC85 

A3 — 


BO — 


B1 — 

A>Boui 

B2 — 

A=Bout 

B3 — 

A < Bout 


Cascading Comparators 


MOST SIGNIFICANT 
4-BIT WORDS 


A4- 

AS- 

AS- 

AT- 

B4- 

B5- 

B6- 

B7- 

A8- 

AS- 

A10- 

A11- 

B3- 

B9- 

BIO- 

B11- 


A>Bin 


A=8ik 


A<B« 


'HC85 


A > Bout 


A = Bout 


A < Bout 


A>Bih 


A=Bim 


A<Bin 


■HC85 


A>Bout 


A = Bout 


A < Bout 


3 - 
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MM54HC85/MM74HC85 


Logic Diagram 
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TL/F/5205-3 




National 
Semiconductor 

MM54HC86/MM74HC86 Quad 2-Input Exclusive OR Gate 

General Description 

This EXCLUSIVE OR gate utilizes microCMOS Technology, 

3.5 micron silicon gate P-well CMOS, to achieve operating 
speeds similar to equivalent LS-TTL gates while maintaining 
the low power consumption and high noise immunity char- 
acteristic of standard CMOS integrated circuits. These 
gates are fully buffered and have a fanout of 10 LS-TTL 
loads. The MM54HC/74HC logic family is functionally as 
well as pin out compatible with the standard 54LS/74LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vcc and 
ground. 

Connection Diagram 

Dual-ln-Llne Package 


Vcc B4 A4 y4 D3 Y3 


IBH 

1 


1 

1 

■ 

i 

m 

1 

Hi 

2 

1 Y 

3 

1 A 

2 B 

5 

2 Y 

e |7 

2 QND 


TOP VIEW TL/F/5305-1 

MM54HC86/MM54HC86 
54HC86(J) 74HC86(J,N) 




Features 

■ Typical propagation delay: 9 ns 

■ Wide operating voltage range: 2-6V 

■ Low input current: 1 p.A maximum 

■ Low quiescent current: 20 fi,A maximum (74 series) 

■ Output drive capability: 10 LS-TTL loads 




microCMOS 


Truth Tabie 


Inputs 

Outputs 

A 

B 

Y 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 


Y = A® B = XB + AB 
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MM54HC86/MM74HC86 







MM54HC86/MM74HC86 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k. Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pc) (Note 3) 


-0.5 to +7.0V 
-1.5 toVcc + 1-5V 
—0.5 to Vcc + 0-5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150'‘C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


260“C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Max 

Units 

6 

V 

Vcc 

V 

-f-85 

'C 

+ 125 

°c 

1000 

ns 

500 

ns 

400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85“C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 



■ 

1.5 

1.5 

1.5 

V 


input Voltage 


1^ 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 

4.2 

4.2 

,v 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

V 


Input Voltage 




^^9 

0.9 

0.9 

V . 






1.2 

1.2 

1.2 

V 

VqH 

Minimum High Levei 

V|N = V|H orViL 

M 







Output Voltage 

IIoutI^SOjiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 

991^31911 

5.2 

V 

Vql 

Maximum Low Levei 

V|n = V|h or V|L 

Ml 







Output Voitage 

' |IoutI^20 iiA 


0 

0.1 

0.1 

0.1 

V 




ESI 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 



0.4 

V 



hoUTl^5.2mA 

6.0V 

0.2 



0.4 

V 

l|N 

Maximum input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

juA 

icc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 



20 

40 

)aA 


Suppiy Current 

IOUT = 0 fA 



lim 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±1 0% the worst case output voltages (Voh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 


Vcc = 5V, Ta = 25'>C. Cl = 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


12 

20 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta= -40 to 85X 

54HC 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 


2.0V 

60 

120 

151 

179 



Delay 


4.5V 

12 

24 

30 

36 

■■ 




6.0V 

10 I 

20 

26 

30 

ns 

^TLH. tTHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


25 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 


!■ 

5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpq Vcc^ *+Icc Vcc. arid the no load dynamic current consumption, 
ls = CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC107/74HC107 



MM54HC107/MM74HC107 
Dual J-K Flip-Flops with Ciear 


General Description 

These J-K Flip-Flops utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to achieve the high noise 
immunity and low power dissipation of standard CMOS inte- 
grated circuits. These devices can drive 10 LS-TTL loads. 
These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independpnt J, K, CLOCK, and CLEAR 
inputs and Q and D outputs. CLEAR is independent of the 
clock and accomplished by a low level on the input. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voltage range: 2-6\/ 

■ Low input current: 1 juA maximum 

■ Low quiescent current: 40 /iA (74HC series) 

■ High output drive: 10 LS-TTL loads. 


Connection Diagram Truth Table 



J1 01 01 K1 02 02 GNO 

TOP VIEW TL/F/5304-1 


MM54HC107/MM74HC107 


54HC1 07 (J) 74HC1 07 (J,N) 


Logic Diagrams 



TL/F/5304-2 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) - 1 .5 

DC Output Voltage (Vqut) “ 0-5 ' 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 

Storage T emperature Range (T stg) “ 65' 

Power Dissipation (Pd) (Note 3) 

Lead Temperature (Tl) (Soldering 10 seconds) 


-0.5 to +7.0V 
-1.5 to VCC + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150'’C 
500 mW 
ends) 260‘’C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature RangefTA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 



V|N = V|HorV|L 
|IoutI^4.0 mA 
il0UTl^5.2 mA 


V|N = V|HorV|L 
|IoutI^20 hA 


V|N = V|HorV|L 
|Iout1^4.0 mA 
|IoutI^5.2 mA 


V|[\| = Vcc or GND 6.0V 


IOUT = 0 p,A 


Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2; Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/‘’C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and VqJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|i_ occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC107/74HC107 


AC Electrical Characteristics vcc=5v. ta=25»c, cl=i5 pf, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Umit 

Units 

^MAX 

Maximum Operating 
Frequency 


50 

30 

MHz 

<PHL. tPLH 

Maximum Propagation 
Delay Clock to Q or Q 


16 

21 

ns 

tPHL. tPLH 

Maximum Propagation 
Delay Clear to Q or Q 


21 

26 

ns 

tREM 

Minimum Removal Time, 
Clear to Clock 


10 

20 

ns 

ts 

Minimum Set Up Time, 

J or K to Clock 


14 

20 

ns 

tH 

Minimum Hold Time 

J or K from Clock 


-3 

0 

ns 

tw 

Minimum Pulse Width, 
Clock or Clear 


10 

16 

ns 


AC Electrical Characteristics Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

TA=-40to85°C 

54HC 

TA=-55to125'’C 

Units 

Typ 

Guaranteed Limits 

yAX 

Maximum Operating 


Wi 

9 

5 

4 

3 

MHz 


Frequency 



45 

27 

21 

18 

MHz 





53 

31 

24 

20 

MHz 

tPHL. tPLH 

Maximum Propagation 



70 

,126 

160 

185 . 

ns 


Delay Clock t6 Q or Q 



18 

25 

32 

37 

ns 





16 

21 

27 

32 

ns 

tpHL. fPLH 

Maximum Propagation 


2.0V 

126 

155 

194 

250 

ns 


Delay Clear to Q or Q 


4.5V 

25 

31 

39 

47 

ns 




6.0V 

21 

26 

32 

40 

ns 

tREM 

Minimum Removal Time 


2.0V 

55 

100 

125 

150 

ns 


Clear to Clock 


4.5V 

11 

20 

25 

30 

ns 




6.0V 

9 

17 

21 

25 

ns 

ts 

Minimum Set Up Time 


2.0V 


100 

125 

150 

ns 


J or K to Clock 


4.5V 

19 

20 

25 

30 

ns 




6.0V 

o 

17 

21 

25 . 

ns 

tH 

Minimum Hold Time 


2.0V 

-3 

o 

0 

0 

ns 


J or K to Clock 


4.5V 

-3 

■1 

0 

0 

ns 




6.0V 

-3 

■I 

0 

0 

ns 

tw 

Minimum Pulse Width 


2.0V 

55 

80 

100 

120 

ns 


Clear or Clock 


4.5V 

11 

16 

20 

24 

ns 




6.0V 

10 

14 

18 

21 

ns 

tTLH. tjHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 

‘ 

4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

Vi tf 

Maximum Input Rise and 


2.0V 

■ 

1000 

1000 

1000 

ns 


Fall Time 


4.5V 

■ 

500 

500 

500 

ns 




6.0V 


400 

400 

400 

ns 

CpD 

Power Dissipation 

(per flip-flop) 


80 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc t+Icc- 
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Typical Applications 


N Bit binary ripple counter with enable and reset 

COUNTER ENABLE 



N bit shift register with clear 



TL/F/5072-5 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC109/74HC109 


National 

MlA Semiconductor 


microCMOS 


MM54HC109/MM74HC109 

Dual J-K Flip-Flops with Preset and Clear 


General Description 


These J-K FLIP-FLOPS utilize microCMOS Technology, 3.5 
micron silicon gate P-Well CMOS to achieve the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TTL 
loads. 

Each flip flop has independent J, K PRESET, CLEAR and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide operating voltage range: 2-6y 

■ Low input current: 1 \i,k maximum 

■ Low quiescent current: 40 juA maximum (74HC series) 

■ Output drive capability: 10 LS-TTL loads 



Function Table 


Inputs 

Outputs 

PR 

CLR 

CLK 

J 

K 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H* 

H* 

H 

H 

T 

L 

L 

L 

H 

H 

H 

T 

H 

L 

TOGGLE 

H . 

H 

T 

L 

H 

QO 

QO 

H 

H 

T 

H 

H 

H 

L 

H 

H 

L 

X 

X 

QO 

QO 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1 -SV 

DC Output Voltage (Vqut) ~0-5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ±50 mA 

Storage Temperature Range (T stg) “ BS'C to + 1 SO^C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

•in 

Maximum Input 
Current 

•cc 

Maximum Quiescent 
Supply Current 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tf.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


74HC 54HC 

TA=-40to85°C TA=-55to125°C 




V|n = V|H or V|L 
|IoutI^ 4.0 mA 
|l0UTj^5.2 mA 


V|N = V|HOr V|L 
|IoUtI^ 20 fiA 


V|N = V|HOrV|L 
|IoutI^ 4.0 mA 
|IoutI^ 5.2 mA 


V|N = VccorGND 6.0V 


Iout=0hA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package; -12 mW/°C from 65°C to 85'C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc=5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC109/74HC109 


AC Electrical Characteristics 


Vcc = 5V, Ta = 25°C, Cl = 15 pF, tr = tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

<PHL. fPLH 

Maximum Propagation 

Delay, Clock to Q or Q 


16 

30 

ns 

tpHL. tPLH 

Maximum Propagation 

Delay, Preset or Clear to Q or Q 


21 

42 

ns 

tREM 

Minimum Removal Time, Preset or Clear to Clock 



5 

ns 

ts 

Minimum Set Up Time, J or K to Clock 



20 

ns 

tH 

Minimum Hold Time, J or K to Clock 



0 

ns 

tw 

Minimum Pulse Width: Preset, Ciear or Ciock 


9 

16 

ns 


AC Electrical Characteristics 

Cl =50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=-40 to85"C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

^MAX 

Maximum Operating 




5 

4 

4 

MHz 


Frequency 




27 

21 

18 

MHz 






31 

24 

20 

MHz 

tPHL. tPLH 

Maximum Propagation 


QQI 

88 

175 

221 

261 

ns 


Delay, Clock to Q or Q 



18 

35 

44 

52 

ns 





15 

30 

37 

44 

ns 

tPHL. tpLH 

Maximum Propagation 



115 

230 

290 

343 

ns 


Delay, Preset or Clear 



23 

46 

58 

69 

ns 


to Q or Q 



20 

39 

49 

58 

ns 

tREM 

Minimum Removal Time 


Wi 

-10 

25 

32 

37 

ns 


Preset or Clear 



5 

5 

6 

7 

ns 


to Clock 



3 

4 

5 

6 

ns 

ts 

Minimum Set Time 


Wi 


100 

126 

119 

ns 


J or K to Clock 




20 

25 

30 

ns 




Bi 


17 

21 

20 

ns 

tH 

Minimum Hold Time 


2.0V 

■llllll 

MM 

0 

0 

ns 


Clock to J or K 


4.5V 


■I 

0 

0 

ns 




6.0V 

HH 

■I 

0 

0 

ns 

tw 

Minimum Pulse Width 



30 

80 

100 

120 

ns 


Clock, Preset or Clear 



9 

16 

20 

24 

ns 





8 

14 

18 

20 

ns 

tTLH. tTHL 

Output Rise and 


2.0V 

25 

75 

95 

110 

ns 


Fall Time 


4.5V 

7 

15 

19 

22 

ns 




6.0V 

6 

13 

16 

19 

ns 

tr> tf 

Maximum Input Rise and 



imm 

1000 

1000 

1000 

ns 


Fall Time 




500 

500 

500 

ns 




wMm 


400 

400 

400 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per flip-flop) 


80 




pF 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ *+Icc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC1 1 2/MM74HC11 2 

Dual J-K Flip-Flops with Preset and Clear 



General Description 

These high speed (30 MHz minimum) J-K Flip-Flops utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS, to achieve the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 

Each flip-flop has independ^t J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voltage range 

■ Low Input current; 1 maximum 

■ Low quiescent current: 40 p.A (74HC series) 

■ High output drive: 10 LS-TTL loads 


Connection Diagram Truth Table 

Dual-ln-Llne Package 


Inputs 

Outputs 

PR 

CLR 

CLK 

J 

L 

Q 

Q 

II 

n 




H 

L 

H 

u 




L 

H 

■1 

■1 




L* 

L* 

H 

H 

i 

L 

L 

QO 

Qo 

H 

H 

i 

H 

L 

H 

L 

H 

H 

i 

L 

H 

L 

H 

H 

H 

i 

H 

H 

TOGGLE 

H 

H 

H 

X 

X 

QO 

QO 


•This is an unstable condition, and is not guaranteed 


Vcc CLR 1 CLR 2 CLK 2 K2 J2 PR 2 Q2 



MM54HC112/MM74HC112 
54HC112(J) 74HC112(J,N) 


Logic Diagrams 




CL 

T 

TL/F/5307-3 


MM54HC112/MM74HC112 


TL/F/5307-2 









MM54HC112/74HC112 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1.5V 

SuppiyVoltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

“C 

DC Vcc ot GND Current, per pin (ice) 

±50 mA 

MM54HC 

-55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150“C 

Input Rise or Fail Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Eiectrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 





0.3 

0.3 

V 


Input Voltage 


^^9 



0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^20/iA 


2.0 

1.9 

1.9 

1.9 

V 




^g9 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H OrViL 
|IoutI^ 4.0 mA 

^^9 

4.2 

3.98 


3.7 

V 



I'outI^S-S mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N=V|H orViL 

M 







Output Voltage 

|IoutI^ 20 p,A 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

^^9 

0.2 

0.26 

0.33 

0.4 

V 



il0UTi^5.2 mA 


0.2 


0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N = Vcc ot GND 

6.0V 


±0.1 

±1.0 

±1.0 

fj,A 

Icc 

Maximum Quiescent 

V|(sj= Vcc or GND 

6.0V 


4.0 

40 

80 

fiA 


Suppiy Current 

•ouT=0 p,A 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vou) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice- and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

<PHL. fPLH 

Maximum Propagation 
Delay, Clock to Q or Q 

tpHL. fPLH 

Maximum Propagation 
Delay, Clear to Q or Q 

tpHL. <PLH 

Maximum Propagation 
Delay, Preset to Q or Q 

*REM 

Minimum Removal Time, 
Preset or Clear to Clock 


Minimum Set Up Time 

J or K to Clock 

tH 

Minimum Hold Time 

J or K from Clock 

tw 

Minimum Pulse Width 

Clock Preset or Clear 


Conditions 



= 25‘>C. Cl 

= 15 pF, tr = tf = 6 ns 


Typ 

Guaranteed Limit 

Units 

50 

30 

MHz 

16 

21 

ns 

21 

26 

ns 

23 

28 

ns 

10 

20 

ns 

14 

20 

ns 

-3 

0 

ns 

10 

16 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Ta = 25“C 


Symbol 

Parameter 

^MAX 

Maximum Operating 
Frequency 

tPHL. tpLH 

Maximum Propagation 

Delay, Clock to Q or Q 

tPHL. tPLH 

Maximum Propagation 

Delay, Clear to Q or Q 

<PHL. tpLH 

Maximum Propagation 

Delay, Preset to Q or Q 

fREM 

Minimum Removal Time 
Preset or Clear 
to Clock 

ts 

Minimum Set Up Time 

J or K to Clock 

tH 

Minimum Hold Time 

J or K from Clock 

tw 

Minimum Pulse Width 

Preset, Clear or Clock 

tTLH. tlHL 

Maximum Output Rise 
and Fall Time 

tr.tf 

Maximum Input Rise and 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 


Conditions Vcc 


74HC 54HC 

- 40 to 85°C Ta = - 55 to 1 25°C 


Guaranteed Limits 













Note 5: Cpo determines the no load dynamic 
IS“CpD Vcc f + 'cc- 

Note 6: Refer to back of this section for Typical 


power consumption, Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC112/74HC112 


Typical Applications 

N Bit presettable ripple counter with enable and reset 


DATA C DATA B DATA A 



BIT 3 BIT 2 LSB 


TL/F/5074-4 

N Bit parallel load/serial load shift register with clear 


DATA A DATA B DATA C 



TL/F/5074-5 
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National 

Semiconductor 


MM54HC11 3/MM74HC1 1 3 
Dual J-K Flip-Flops with Preset 


microCMOS 


General Description I 

These high speed J-K Flip-Flops utilize microCMOS Tech- 
noiogy, 3.5 micron siiicon gate P-well CMOS, to achieve the 
high noise immunity and iow power dissipation of standard 
CMOS integrated circuits. These devices can drive 10 LS- 
TTL loads. 

These flip-flops are edge sensitive to the ciock input and 
change state on the negative going transition of the clock 
pulse. Each one has iridependent J. K, CLOCK, and PRE- 
SET inputs and Q and Q inputs. PRESET is independent of 
the clock and accomplished by a low level on the input. 

The 541-1C/74HC logic family is functionaiiy as well as pin- 
out compatible with the standard 54LS/74LS iogic family. 

All inputs are protected from damage due to static dis- 
charge by internal diode ciamps to Vcc and ground. 


Connection Diagram and Truth Table 

Dual-ln-Llne Package 

vcc CLK 2 K2 J2 PR2 02 02 


Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voitage range: 2-6V . 

■ Low input current: 1 p,A maximum 

■ Low quiescent current: 40 /xA (74HC series) 

■ High output drive: 10 LS-TTL loads 




Inputs 

Outputs 

PR 

CLK 

J 

K 

0 

Q 

L 

X 

X 

X 

H 

L 

H 

4- 

L 

L 

QO 

Qo 

H 

i 

H 

L 

H 

L 

H 

i 

L 

H 

L 

H 

H 

i 

H 

H 

TOGGLE 

H 

H 

X 

X 

QO 

Qo 


CK1 K1 J1 PR1 01 01 

TOP VIEW 

MM54HC113/MM74HC113 
54HC113(J) 74HC113(J,N) 


GNO 

TL/F/5073-1 


Logic Diagram 


MM54HC1 1 3/MM74HC1 1 3 
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MM54HC113/74HC113 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqut) -0.5to Vcc+0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T 0 (Soldering 1 0 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

-1-85 

•c 

MM54HC 

Input Rise or Fall Times 

-55 

-1-125 

“C 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5 V 


500 

ns 

Vcc = 6.pV 


400 

ns 


DC Eiectrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125X 

Units 









Typ 


Guaranteed Limits | 


V,H 

Minimum High Level 



m 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 




Wm 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 





0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 




BBW 

^^9 

1.2 

1.2 

. .1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HOrV|L 

M 







Output Voltage 

|IoutI^ 20 ftA 

mi 

2.0 

1.9 

1.9 

1.9 

V 




ISSi 

4.5 

. 4.4 

4.4 

4.4 

V 




BO 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrViL 
|IoutN 4.0 mA 


4.2 

3.98 

3.84 

3.7 

V 



|IoutI^ 5.2 mA 

BO 

5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 

M 







Output Voltage 

|IoutI^20 }iA 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 




BBW 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
|IoutI^ 4.0 mA 


0.2 



0.4 

V 



|IoutI^ 5.2 mA 


0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc O'" GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

icc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 


mm 

40 

80 

fiA 


Supply Current 

•ouT^o fA 



m 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°Cto 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. fir'd Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice- find Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf. tr=tf=6 ns 


Symbol 

Parameter 

^MAX 

Maximum Operating 

Frequency 

tpHL. tPLH 

Maximum Propagation Delay, 
Clock toQorQ 

tpHL. tPLH 

Maximum Propagation Delay, 
Preset to Q or Q 

tREM 

Minimum Removal Time, 

Preset to Clock 

ts 

Minimum Set Up Time, 

J or K to Clock 

tH 

Minimum Hold Time, 

J or K from Clock 

tw 

Minimum Pulse Width, 

Preset, Clear or Clock 



Typ 

Guaranteed 

Limit 

Units 

50 

30 

MHz 

16 

21 

ns 

23 

28 

ns 

10 

20 

ns 

14 

20 

ns 

-3 

0 

ns 

10 

16 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Ta = 25“C 


Symbol 

Parameter 

^MAX 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 

Delay, Clock to Q or Q 

tpHL. tpLH 

Maximum Propagation 

Delay, Preset to Q or Q 

tREM 

Minimum Removal Time 
Preset to Clock 

ts 

Minimum Set Up Time 

J or K to Clock 

tH 

Minimum Hold Time 

J or K from Clock 

tw 

Minimum Pulse Width, 

Preset, Clear or Clock 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

tr.tf 

Maximum Input Rise and 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 


Conditions 


74HC 

TA=-40to85“C Ta=- 




54HC 

55 to125°C 



Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ <+lcc Vcc. and the no load dynamic 
Ig = CpD Vcc ^ + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


current consumption. 
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MM54HC113/74HC113 


Typical Applications 


N Bit presettable binary ripple counter with enable 



N Bit parallel load/serial load shift register 


DATA A OATAB DATAC 



TL/F/5073-4 
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National 

JHA Semiconductor 


MM54HC123A/I\/IM74HC123A 

Dual Retriggerable Monostable Multivibrator 


microCMOS 


General Description 

The MM54/74HC123A high speed monostable multivibra- 
tors (one shots) utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. They feature speeds comparable 
to low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir- 
cuits. 

Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC123 can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 

The ’HC123A is retriggerable. That is it may be triggered 
repeatedly while their outputs are generating a pulse and 
the pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply: PW = (Rext) (Cext): where PW 
is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vcc and ground. 


Connection Diagram 

Dual-ln*Line Package 

Recti 

Vcc Cext Cexti Q1 S2 CUI2 B2 A2 

|i6 Its |i4 |i3 |i 2 In |ia Is 



P |2 ^3 |4 |S |3 ^7 fir 

A1 B1 GU1 1 Si Q2 CexT3 RcXT2 GNO 

Cext 

TOP VIEW tl/f/s 

MM54HC123A/MM74HC123A 
54HC1 23A (J) 74HC1 23A ( J,N) 


Truth Table 


Inputs 

Outputs 1 

Clear 

A 

B 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

T 

Jl. 

-LT 

H 

i 

H 

J-L 

-LT 

T 

L 

H 

JT. 

i_r 


Features 

■ Typical propagation delay: 40 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 juA maximum (74HC series) 

■ Low input current: 1 juA maximum 

■ Fanout of 10 LS-TTL loads 

■ Simple pulse width formula T = RC 

■ Wide pulse range: 400 ns to <» (typ) 

■ Part to part variation: ±5% (typ) 

■ Schmitt Trigger A & B inputs enable infinite 
signal input rise and fall times. 



Timing Component 


TO Cext TO R/Cext 
TERMINAL TERMINAL 


H = High Level 
L = Low Level 

T = Transition from Low to High 
1 = Transition from High to Low 
-TL = One High Level Pulse 
"LT = One Low Level Pulse 
X = Irrelevant 
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MM54/74HC123A 








MM54/74HC123A 


Absolute Maximum Ratings (Notes i a 2) 

Operating Conditions 



Supply Voltage (Vec) 

-6.5V to -I-7.0V 

Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5V to Vcc + 1.5V 

Supply Voltage(Vcc) 2 

6 

V 

DC Output Voltage (Vqut) 

-0.5V to Vcc + 0.5V 

DC Input or Output Voltage 0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 



DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

“C 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC -55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65‘'Cto -l-150'’C 

Input Rise or Fall Times (Clear Input) 



Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0 V 

1000 

ns 

Lead Temperature (T i) (Soldering 1 0 seconds) 260*C 

Vcc = 4.5V 

500 

ns 



Vcc = 6.0 V 

400 

ns 

DC Electrical Characteristics (Note 4) 





Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25»C 

74HC 

Ta=- 40 to 85'C 

54HC 

TA=-55to125“C 

Units 

EH 

Guaranteed Limits 

V|H 

Minimum High Level Input 


2.0V 

■ 

1.5 

1.5 

1.5 

V 


Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

V 


Voltage 


4.5V 

■ 


0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HOrV|L 








Output Voltage 

IIqutI^ 20 fiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 

M 





V 



IIqutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



IioutI^ 5.2 mA 

ISiCT 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|HorV|L 


■ 






Output Voltage 

|louTk20^A 

2.0V 

o 

0.1 

0.1 

0.1 

V 




4.5V 

Wm 

0.1 

0.1 

0.1 

V 




6.0V 

n 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 

M 


R 

■H 


V 



|IoutI^ 4 mA 


0.2 



0.4 

V 



|IoutI^ 5.2 mA 


0.2 



0.4 

V 

l|N 

Maximum Input Current 

V|N = Vcc or GND 

6.0V 


±0.5 

±5.0 

±5.0 

)±A 


(Pins 7,15) 








l|N 

Maximum Input Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 


(All other pins) 








icc 

Maximum Quiescent Supply 

V|N — Vcc or GND 

6.0V 


8.0 

80 

160 

p-A 


Current (Standby) 

Iout=o 







•cc 

Maximum Active Supply 

V|N — Vcc or GND 

2.0V 

36 

80 

110 

130 

fiA 


Current (per 

H/Cext^O.SVcc 

4.5V 

0.33 

1.0 

1.3 

1.6 

mA 


monostable) 


6.0V 

0.7 

2.0 

2.6 

3.2 

mA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation Temperature Derating: 

Plastic "N" Package; -12mW/°C from 65°C to 85°C 
Ceramic "J" Package: -12mW/°C from 100°C to 125'C. 

Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. Vql) occur for HC at 4.5V. Thus the 4.5V values should bo used when designing 
With this supply. Worst-case V|h and V|l occur at Vcc= 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst-case leakage current (I|n. Ice. and 
Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v,ta=25»c. cl=i5pf. v=t,=6ns 


Symboi 

Parameter 

tpLH 

Maximum Trigger Propagation Delay 

A, Bor Clear to Q 

tpHL 

Maximum Trigger Propagation Delay 

A, B or Clear to Q 

fpHL 

Maximum Propagation Delay. Clear to Q 

tpLH 

Maximum Propagation Delay, Clear to Q 

tw 

Minimum Pulse Width, A, B or Clear 

tREM 

Minimum Clear Removal Time 

fWQ(MIN) 

Minimum Output Pulse Width 

'WQ 

Output Pulse Width 


Conditions 


AC Electrical Characteristics Cl = 50 pF tr=tf=6 ns (unless othenwise specified) 


Ta = 25“C 


Symbol 

Parameter 

tPLH 

Maximum Trigger Propagation 
Delay, A, B or Clear to Q 

fpHL 

Maximum Trigger Propagation 
Delay, A, B or Clear to Q 

tPHL 

Maximum Propagation Delay 
Clear to Q 

tpLH 

Maximum Propagation Delay 
Clear to Q 

tw 

Minimum Pulse Width 

A, B, Clear 

<REM 

Minimum Clear 

Removal Time 

tTLH. tTHL 

Maximum Output 

Rise and Fall Time 

tWQ(MlN) 

Minimum Output 

Pulse Width 

two 

Output Pulse Width 

C|N 

Maximum Input 

Capacitance (Pins 7 & 15) 

C|N 

Maximum Input 

Capacitance (Other Inputs) 



Note 5: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits 
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MM54/74HC123A 



TL/F/5206-6 


0 POSITIVE EDGE TRIGGER 0 POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 

0 NEGATIVE EDGE TRIGGER 0 RESET PULSE SHORTENING 
0 POSITIVE EDGE TRIGGER 0 CLEAR TRIGGER rHC123, 'HC221 ONLY) 

FIGURE 1 
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TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the one shot is in the quiescent state with the 
Q output low, and the timing capacitor Cext completely 
charged to Vcc- When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Vcc) a valid trig- 
ger is recognized, which turns on comparator C1 and N- 
Channel transistor N1 © . At the same time the output latch 
is set. With transistor N1 on, the capacitor CgxT rapidly dis- 
charges toward GND until Vrefi 's reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator Cl then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca- 
pacitor Cext begins to charge through the timing resistor, 
Rext. toward Vcc- When the voltage across Cext equals 
Vref2. comparator C2 changes state causing the output 
latch to reset (Q goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the monosta- 
ble in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Vcc®-) The 'HC123 can also be triggered when clear 
goes from GND to Vcc (while A is at GND and B is at 
Vcc®-) 

it should be noted that in the quiescent state Cext is fuily 
charged to Vcc causing the current through resistor Rext to 
be zero. Both comparators are “off” with the total device 
current due oniy to reverse junction leakages. An added 
feature of the ’HC123 is that the output latch is set via 


the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to Q is independent of 
the value of CexTi Rext> or the duty cycle of the input wave- 
form. 

RETRIGGER OPERATION 

The ’HC123 is retriggered if a valid trigger occurs ® fol- 
lowed by another trigger ® before the Q output has re- 
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voitage at pin or has begun to rise from Vrefi. 
but has not yet reached Vref2. will cause an increase in 
output pulse width I. When a valid retrigger is initiated ®, 
the voltage at the R/Cext P'o will again drop to Vrefi be- 
fore progressing along the RC charging curve toward Vcc- 
The Q output wiil remain high until time T, after the last valid 


These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ® . When 
the voltage on the capacitor reaches Vref 2« ^be reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and 6 outputs of the output latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 


retrigger. 

RESET OPERATION 


Typical Output Pulse Width vs. 
Timing Components 


Typical Distribution of Output 


Typical 1ms Pulse Width 


1m 

100 ^ 

10/1 
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TIMING CAPACITOR (F) 

TU/F/5206-7 



0.92 0.96 1.00 1.04 1.D6 

OUTPUT PULSE WIDTH (ms) 

TL/F/5206-8 
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M54/74HC123A 






MM54HC125/74HC125 

MM54HC126/74HC126 



Nah'onal 

Semiconductor 



microCMOS 


IVIM54HC1 25/MI\/l74HC1 25 

MIVI54HC126/MM74HCt26 TRI-STATE® QUAD BUFFERS 


General Description 

These are general purpose TRI-STATE high speed non-in- 
verting buffers utilizing microCMOS technology, 3.5 micron 
silicon gate P-well CMOS. They have high drive current out- 
puts which enable high speed operation even when driving 
large bus capacitances. These circuits possess the low 
power dissipation of CMOS circuitry, yet have speeds com- 
parable to low power Schottky TTL circuits. Both circuits are 
capable of driving up to 15 low power Schottky inputs. 

The MM54HC125/MM74HC125 require the TRI-STATE 
control input C to be taken high to put the output into the 
high impedance condition, whereas the MM54HC126/ 
MM74HC126 requires the control input to be low to put the 
output into high impedance. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

■ Typical propagation delay: 13 ns 

■ Wide operating voltage range: 2-6V 

■ Low input current: 1 jxA maximum 

■ Low quiescent current: 80 maximum (741-IC) 

■ Fanout of 15 LS-TTL loads 


Connection Diagrams 

Dual-ln-Line Package 

Vcc C4 A4 Y4 C3 A3 Y3 



TOP VIEW TL/F/5308-1 

MM54HC125/MM74HC125 

54HC125(J) 54HC125(J,N) 

Truth Tables 


Inputs 

Output 

Y 

A 

C 

H 

L 

H 

L 

L 

L 

X 

H 

Z 


Dual-ln-Line Package 

Vcc C4 A4 Y4 C3 A3 Y3 



TOP VIEW TL/F/5308-2 

MM54HC1 26/MM74HC1 26 

54HC126(J) 54HC126(J,N) 


Inputs 

Output 

Y 

A 

c 

H 

H 

H 

L 

H 

L 

X 

L 

Z 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (Vjn) 

DC Output Voltage (Vout) 

.Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
— 1 .5 to Vcc "I" 1 -SV 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150°C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC I nput or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0 V 

Vcc = 4.5V 
Vcc = 6.0 V 


74HC 

TA=-40to85*C Ta= 


Guaranteed Limits 


Max Units 

6 V 

Vcc v 


54HC 

-55to125X 





Minimum High Level V|N = ViHorV|L 
Output Voltage I IqutI ^ 20 p,A 


V|N = V|H orV|L 
1IoutI^ 6.0 mA 
|IoutI^ 7.8 mA 


Maximum Low Level V|n = V|h or V|l 
O utput Voltage IIoutI ^ 20 /xA 




Maximum Input 
Current 


V|N = ViH orV|L 
I'outI^B.O mA 
||outI^ 7.8 mA 


V|N=V|HorV|L 
VoLIT = VccOrGND 
Cn = Disabled 


V|fg = Vcc or GND 





1.2 

1.2 

1.2 

1.9 

1.9 

1.9 

4.4 

4.4 

4.4 

5.9 

5.9 

5.9 

3.98 

3.84 

3.7 

5.74 

5.48 

5.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 



±0.5 

±5 

±10 

fxA 

±0.1 

±1.0 

±1.0 

jxA 

8.0 

80 

160 

p,A 


Maximum Quiescent ViN=VccorGND 6.0V 
Supply Current Iqut = 0 p.A 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise speciHed all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -13 mW/°C from 65”C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125'’C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Voh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vil occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC126/74HC126 




































































MM54HC125/74HC125 

MM54HC126/74HC126 


AC Electrical Characteristics 


Vcc=5V. Ta = 25”C, Cl = 45 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum 

Propagation Delay Time 


13 

18 

ns 

tpZH 

Maximum 

Output Enable Time to High Level 

Rl=i kn 

13 

25 

ns 

tpHZ 

Maximum 

Output Disable Time from High Level 

Rl=i kn 
Cl=5pF 

17 

25 

ns 

tpZL 

Maximum 

Output Enable Time to Low Level 

Rl=i kn 

18 

25 

ns 

tpLZ 

Maximum 

Output Disable Time from Low Level 

Rl=i kn 
Cl= 5 pF 

13 

25 

ns 


AC Electrical Characteristics 

Vcc=2.0\/ to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Temperature °C 

Units 

54HC/74HC 

Ta=25‘C 

74HC 

-40 to 85“C 

54HC 

-55to125X 

Typ 

Guaranteed Limits 

tPHL. IPLH 

Maximum Propagation 



30 

100 

125 

150 

ns 


Delay Time 



10 

20 

25 

30 

ns 





8 

17 

21 

25 

ns 

IPLH. tPHL 

Maximum Propagation 

Cl = 150pF 


•35 

130 

163 

195 

ns 


Delay Time 


^^9 

14 

26 

33 

39 

ns 




6.0V 

12 

22 

28 

33 

ns 

tPZH. tpZL 

Maximum Output 

Rl=i kn 

2.0V 

25 

125 

156 

188 

ns 


Enable Time 


4.5V 

14 

25 

31 

38 

ns 




6.0V 

12 

21 

26 

31 

ns 

IPHZ. tPU 

Maximum Output 

Rl=i kn 


25 

125 

156 

188 

ns 


Disable Time 



14 

25 

31 

38 

ns 




6.0V 

12 

21 

26 

31 

ns 

tPZL. tPZH 

Maximum Output 

Cl = 150 pF 

2.0V 

35 

140 

175 

210 

ns 


Enable Time 

Rl=i kn 

4.5V 

15 



42 

ns 




6.0V 

13 



36 

ns 

tjLH. ItHL 

Maximum Output 

Cl = 50 pF 

^^9 

30 

60 

75 

90 

ns 


Rise and Fall Time 



7 

12 

15 

18 

ns 




6.0V 

6 

10 

13 

15 

ns 

C|N 

Input Capacitance 



5 

10 

10 

10 

pF 

CouT 

Output Capacitance Outputs 



15 

20 

20 

20 

pF 

CpD 

Power Dissipation 

(per gate) 








Capacitance (Note 5) 

Enabled 


45 




pF 



Disabled 


6 




pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc® ^cc. ®nd the no load dynamic current consumption, 

ls=CpD Vcc *+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


1-90 














































































































I N3tion3l 


I Semiconductor 

V J 


microCMOS 


MM54HC132/MM74HC132 Quad 2-Input 
NAND Schmitt Trigger 


General Description 

The MM54HC132/MM74HC132 utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power dissipation and high noise immunity of standard 
CMOS, as well as the capability to drive 10 LS-TTL loads. 
The 54HC/74HC logic family is functionaliy and pinout com- 
patible with the standard 54LS/74LS logic famiiy. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

Q Typical propagation delay: 12 ns 

B Wide power supply range: 2V-6V 

□ Low quiescent current: 20 juA maximum (74HC series) 

B Low input current: 1 fiA maximum 

B Fanout of 10 LS-TTL loads 

B Typical hysteresis voltage: O.OV at Vcc = 4.5V. 


Connection Diagram 


Dual-ln-Line Package 
Vcc O'* as AS YS 



A1 01 Y1 A2 02 Y2 GND 

TOP VIEW 

MM54HC132/MM74HC132 


54HC132(J) 74HC132(J,N) 



MM54HC132/74HC132 






MM54HC132/74HC132 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+1-5V 

DC Output Voltage (Vqijt) “ 0-5 to Vcc + 0-5V 

Clamp Diode Current (Iik. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to85°C 

54HC 

Ta=- 55 tOl25°C 

Units 

Typ 

Guaranteed Limits | 

Vt+ 

Positive 


Min 

2.0V 


1.0 

0.95 

0.95 

V 


Going Threshold Voltage 


Max 



1.5 

1.5 

1.5 

V 




Min 

4.5V 


2.30 

2.25 

2.25 

V 




Max 



3.15 

3.15 

3.15 

V 




Min 

6.0V 


3.0 

2.95 

2.95 

V 




Max 



4.2 

4.2 

4.2 

V 

Vt- 

Negative 


Min 

2.0V 


0.3 

0.3 

0.3 

V 


Going Threshold Voltage 


Max 



0.8 

0.85 

0.85 

V 




Min 

4.5V 


0.9 

0.9 

0.9 

V 




Max 



2.0 

2.05 

2.05 

V 




Min 

6.0V 


1.2 

1.2 

1.2 

V 




Max 



2.3 

2.35 

2.35 

V 

Vh 

Hysteresis Voltage 


Min 

1 2.0V 


0.2 

0.2 

0.2 

V 




Max 

2.0V 


1.2 

1.2 

1.2 

V 




Min 

4.5V 


0.4 

0.4 

0.4 

V 




Max 

4.5V 


2.25 

2.25 

2.25 

V 




Min 

6.0V 


0.6 

0.6 

0.6 

V 




Max 

6.0V 


3.0 

3.0 

3.0 

V 

Vqh 

Minimum High Level 

yiN = V|H orViL 








Output Voltage 

I<OUtI^ 20 fiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 





4.5V 

4.5 

4.4 

4.4 

4.4 

V 





6.0V 

6.0 

5.9 

5.9 

5.9 

V 



yiN=yiH OrViL 









Iqut ^4.0 mA 

4.5V 

4.2 

3.98 

3.84 

3.7 

V 




6;0V 

5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

yiN=yiH orviL 








Output Voltage 

|IoutI^20/iA 

2.0V 

0 

0.1 

0.1 

0.1 

V 





4.5V 

0 

0.1 

0.1 

0.1 

V 





6.0V 

0 

0.1 

0.1 

0.1 

V 



yiN=yiH orviL 


HI 







Ini IT ^4.0 mA 

4.5V 


0.26 

• 0.33 


V 



MOUtI^ 5.2 mA 

6.0V 

^^1 

0.26 

0.33 

0.4 

V 

1|N 

Maximum Input 

ViN| = Vnr. or GND 

6.0V 

1 

±0.1 

±1.0 

±1.0 

p.A 


Current 










Icc 

Maximum Quiescent 

V|N = VccOrGND 

6.0V 


2.0 

20 

40 

fiA 


Supply Current 

loUT=0p,A 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified ali voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: —12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. aid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this suppiy. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85Y.) The worst case ieakage current (Iin. 
Ice. and Iqz) occur tor CMOS at the higher voltage and so the 6.0V values should be used. 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 


Max 

6 

Vcc 


+ 85 
+ 125 


Units 

V 

V 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25‘'C, Cl=15 pF, tr = t(=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay 


12 

20 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25“C 

74HC 

Ta= -40 to 85“C 

54HC 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 



63 

125 

158 

186 



Delay 



13 

25 

32 

37 

■■ 





11 

21 

27 

32 

ns 

'tLH. tTHL 

Maximum Output Rise 


2.0V 

30 

WM 

95 

110 

ns 


and Fall Time 


4.5V 

8 

■9 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

mm 





pF 


Capacitance (Note 5) 








C|N 

Maximum Input 




5 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Pq^Cpd Vcc^ <+Icc ^cc. and the no load dynamic current consumption, 
ls = CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC133/74HC133 


National 

Semiconductor 


microCMOS 


MM54HC133/MM74HC133 13-Input NAND Gate 


General Description 

This NAND gate utilizes microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates \with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise imnjunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS/74LS logic family. All inputs are protected from dam- 
age due to static discharge by internal diode clamps to Vcc 
and ground. 


Features 

■ Typical propagation delay; 20 ns 

■ Wide power supply range: 2-6V 

■ Low quiescent current: 20 fiA maximum (74HC series) 

■ Low input current: 1 juA maximum 

■ Fanout of 10 LS-TTL loads 


1-94 




Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V||^) 

DC Output Voltage (Vqijt) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
— 1 .5 to Vcc ^ -SV 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65“Cto +150‘‘C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0 V 

Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

•in 

Maximum Input 
Current 

•cc 

Maximum Quiescent 
Supply Current 



V|N = V|h orViL 
|IoutI^ 4.0 mA 
il0UTi^5'2 mA 


V|N = V|h 
|IoutI^20/xA 


V|N = V|H 
|IoutI^ 4.0 mA 
|loUTi^5-2 mA 


V|n = VccOI'GND 6.0V 


Iout=0mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess othenArise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from SS^C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc “ 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
IcC' and Iqz) occur for CMOS at the higher voltage and so the €.0V values should be used. 


±1.0 

±1.0 

p.A 

20 

40 

;aA 
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MM54HC133/74HC133 


AC Electrical Characteristics 


Vcc=5V. Ta = 25'’C. Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay 


20 

30 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

TA=-40to 65‘C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. ■ 

Maximum Propagation , 


2.0V 

66 

160 

190 

220 

ns 

tpLH 

Delay 


4.5V 

23 

35 

42 

49 

ns 




6.0V 

18 

30 

36 

42 

ns 

tTLH. 

Maximum 



25 

75 

95 

110 

ns 

tTHL 

Output Rise and 



7 

15 

19 

22 

ns 


Fall Time 



6 

13 

16 

19 

ns 

CpD 

Power Dissipation 



34 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 


Mote 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. ®tid the no ioad dynamic current consumption, 
Is=CpdVcc*+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC137/MM74HC137 3-to-8 Line 
Decoder With Address Latches (inverted Output) 

General Description 


PRELIMINARY 



This device utilizes microCMOS Technology, 3.5 micron sili- 
con gate P-well CMOS, to implement a three-to-eight li^ 
decoder with latches on the three address inputs. When GL 
goes from low to high, the address present at the select 
inputs (A, B and C) is stored in the latches. As long as GL 
remains high no address chari^s will be recognized. Out- 
put enable controls, G1 and G2, control the state of the 
outputs independently of the select or latch-enable inputs. 
All of the outputs are high unless G1 is high and G2 is low. 
The HC137 is ideally suited for the implementation of glitch- 
free decoders in stored-address applications in bus oriented 
systems. 


The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide supply range: 2-6V 

■ Latched inputs for easy interfacing. 

■ Fanout of 10 LS-TTL loads. 


Connection Diagram Functional Block Diagram 



Truth Table 


Inputs 

Outputs 

Enable 

Select 

SL 

G1 

S2 

c 

B 

A 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

Output corresponding to stored 
address L; all others, H 


H = high level, L = low level. X = irrelevant 
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MM54HC137/74HC137 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to -H7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 to VCC + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

— 0.5 to Vcc 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

±85 

“C 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

±125 

°c 

Storage Temperature Range (Tstg) 

-65“Cto ±150‘’C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (T i ) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25X 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 




1.5 

1.5 


n 


Input Voltage 




3.15 

3.15 


mm 




6.0V 


4.2 

4.2 


MM 

V|L 

Maximum Low Level 


mi 


^^9 

0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 




09 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

|IoutI^20 hA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|n=V|h or V|L 


n 




■■ 



•|IoutI^ 4.0 mA 

4.5V 


3.98 


3.7 




|l0UTi^5.2 mA 

6.0V 


5.48 

[ 9^^^91911 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^ 20 jaA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 




V|N = V|Hor V|L 






■i 



|I6utI^ 4.0 mA 

4.5V 



0.33 

0.4 




jl0UTl^5.2 mA 

6.0V 


0.26 

0.33 

0.4 

■■ 

l|N 

Maximum Input 

V|N~Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

/liA 


Current 








icc 

Maximum Quiescent 

V|N~ Vcc or GND 

6.0V 


8.0 

80 

160 

/J'A 


Supply Current 

louT = 0 ;xA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = S.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-98 































































AC Electrical Characteristics vcc=5v, ta=25°c. cl=i5 pf, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPLH 

Maximum Propagation Delay, A, B or C to any Y Output 


14 

29 

ns 

tpHL 

Maximum Propagation Delay, A, B or C to any Y Output 


20 

42 

ns 

tpLH 

Maximum Propagation Delay G2 to any Y Output 


* 12 

22 

ns 

tPHL 

Maximum Propagation Delay G2 to any Y Output 


15 

34 

ns 

tpLH 

Maximum Propagation Delay G1 to any Output 


13 

25 

ns 

tpHL 

Maximum Propagation Delay GL to any Output 


17 

34 

ns 

tpLH 

Maximum Propagation GL to Output 


15 

30 

ns 

tpHL 

Maximum Propagation Delay GL to Output 


22 

34 

ns 

ts 

Minimum Setup Time at A, B and 0 Inputs 



20 

ns 

tH 

Minimum Hold Time at A, B and C Inputs 



0 

ns 

tw 

Minimum Pulse Width of Enabling Pulse at GL 



16 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25X 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta= -55 to125“C 

Units 

ini 

Guaranteed Limits 

tPLH 

Maximum Propagation Delay 


M tS 

85 

170 

214 

253 

ns 


A, B or C to any Y Output 


E % 

17 

34 

43 

51 

ns 




i S 

14 

29 

36 

43 

ns 

tpHL 

Maximum Propagation Delay 



120 

240 

302 

358 

ns 


A. B or C to any Y Output 



24 

48 

60 

72 

ns 




a 

20 

41 

51 

61 

ns 

tPLH 

Maximum Propagation Delay 



65 

130 

164 

194 

ns 


G2 to any Y Output 



13 

26 

33 

39 

ns 




a 

11 

22 

28 

33 

ns 

tPLH 

Maximum Propagation 



75 

150 

189 

224 

ns 


Delay G1 to Output 


piaX 

15 

30 

38 

45 

ns 





13 

26 

32 

38 

ns 

tpHL 

Maximum Propagation 



98 

195 

246 

291 

ns 


Delay G1 to Output 



20 

39 

49 

58 

ns 

' 




17 

33 

42 

49 

ns 

tpLH 

Maximum Propagation 



88 


221 

261 

ns 


Delay GL to Output 



18 

is 

44 

52 

ns 





15 


37 

44 

ns 

tpHL 

Maximum Propagation 



125 

250 

315 

373 

ns 


Delay GL to Output 



25 

50 

63 

75 

ns 





21 

43 

54 

63 

ns 

tpHL 

Maximum Propagation Delay 



98 

195 

246 

291 

ns 


G2, to any Y Output 



20 

39 

49 

58 

ns 




IB 

17 

33 

42 

49 

ns 

*S 

Minimum Setup Time 



■m 

100 

125 

150 

ns 


at A, B and C Inputs 




20 

25 

30 

ns 





17 

21 

25 

ns 

tH 

Minimum Hold Time 



■B 

50 

63 

75 

ns 


at A, B and C Inputs 




10 

13 

15 

ns 





8 

11 

13 

ns 

tTLH. tTHL 

Output Rise and 


Ml 

30 

75 

95 

110 

ns 


Fall Time 



8 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

tw 

Minimum Pulse Width 




80 

100 

120 

ns 

of Enabling Pulse at GL 


BIkw 


16 

20 

24 

ns 





IB 

14 

18 

21 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 



75 




pF 

C|N 

Maximum Input Capacitance 



5 

mm 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+'cc Vcc. arid the no load dynamic current consumption, 
ls = CpD Vcc *+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


1 


1-99 


MM54HC137/74HC137 











































































































































































MM54HC137/74HC137 



1-100 




National 

Semiconductor 


MM54HC138/MM74HC138 3-to-8 Line Decoder 


microCMOS 


General Description 

This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad- 
dress decoding or data routing applications. The circuit fea- 
tures high noise immunity and low power consumption usu- 
ally associated with CMOS circuitry, yet has speeds compa- 
rable to low power Schottky TTL logic. 

The MM54HC138/MM74HC138 has 3 binary select inputs 
(A, B, and C). If the device is enabled these inputs deter- 
mine which one of the eight normally high outputs wi ll go 
low. Two active low and one active high enables (G1, G2A 
and G2B) are provided to ease the cascading of decoders. 


The decoder’s outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally and pin equivalent to 
the 54LS138/74LS138. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay: 20 ns 
n Wide power supply range: 2\/-6V 

■ Low quiescent current: 80 ^lA maximum (74HC series) 

■ Low input current: 1 juA maximum 
a Fanout of 10 LS-TTL loads 



Connection Diagram 


Dual-ln-Line Package 



Logic Diagram 


IIIMI 

■BiSl 

■iiR 

pO— t- 
zO— 1>> 

Rlllili 

riiiS 

:=C)— 


iiilB 

ziD— 1>» 

IHIIH! 



jMMMllMiai 

3 ^ f>0- 


[■§B 



TU/F/5120-1 G1- 


MM54HC138/MM74HC138 
54HC138(J) 74HC138(J,N) 


Truth Table 
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H 

H 

L 

X 

X 

X 
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H 
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H 
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L 
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H 

H 

L 

H 

H 

H 
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H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L. 


•G2 = G2A + G2B 

H = high level, L = low level, X = don’t care 
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MM54HC138/74HC138 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to + 7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature RangeCT/O 
MM74HC -40 

+ 85 

“C 

DC Vcc or GND Current, per pin (Ice) 

±50mA 

MM54HC 

-55 

+ 125 

•c 

Storage Temperature Range (Tstg) 

-65-Cto +150'’C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

Lead Temperature (T i) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25"C 

74HC 

Ta=-40 to 85'C 

54HC 

Ta=- 55 to125'C 

Units 









Typ 


Guaranteed Limits { 


V|H 

Minimum High Level 



jm 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 


Wi 


0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H orV|L 

M 







Output Voltage 

|IoutI^20 }iA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 
|louTk4.0 mA 


4.2 

3.98 

3.84 

3.7 

V 



1I0Ut 1^5.2 mA 


5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HOrV|L 

Hi 







Output Voltage 

lloUTk20;iA 

mi 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 




m 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 
■ |louTk4.0mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 




6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

ju,A 

■cc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

Iout=0fA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3; Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package; -12 mW/'C from 
lOO^C to 125-0. 

Note 4: For a power supply of 5V ±1 0% the worst case output voltages (Vqh. and Vql) occur for HO at 4.5V. thus the 4.5V values should be used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should bo used. 
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AC Electrical Characteristics 

VCC = 5V, Ta = 25°C. Cl = 15 pF. tr=tf = 6 ns 


Symbol 

Parameter 

<PLH 

Maximum Propagation 

Delay, Binary Select to any Output 

*PHL . 

Maximum Propagation 

Delay, Binary Select to any Output 

tpHL. tPLH 

Maximum Propagation 

Delay, G1 to any Output 

tpHL 

Maximum Propagation 

Delay G2A or G2B to 

Output 

tPLH 

Maximum Propagation 


Delay G2A or G2B to 

Output 



Typ 

Guaranteed 

Limit 

Units 

18 

25 

ns 

28 

35 

ns 

18 

25 

ns 

23 

30 

ns 

18 

25 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Ta = 25“C 


Symbol 

Parameter 

tpLH 

Maximum Propagation 
Delay Binary Select to 
any Output Low to High 

tPHL 

' 

Maximum Propagation 
Delay Binary Select to any 
Output High to Low 

tpHL. tPLH 

Maximum Propagation 
Delay G1 to any 

Output 

tpHL 

Maximum Propagation 


Delay G2A or G2B to 
Output 

tpLH 

Maximum Propagation 


Delay G2A or G2B to 
Output 

tTLH. tTHL 

Output Rise and 

Fall Time 

C|N 

Maximum Input 
Capacitance 

CpD 

Power Dissipation 
Capacitance 


Conditions 


74HC 54HC 

TA=-40to85°C TA=-55to125'’C 


Guaranteed Limits 










Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ *+Icc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC139/74HC139 



Nah'onal 

Semiconductor 


MM54HC139/MM74HC139 Dual 2-To-4 Line Decoder 


General Description 

This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad- 
dress decoding or data routing applications. It possesses 
the high noise immunity and low power consumption usually 
associated with CMOS circuitry, yet has speeds comparable 
to low power Schottky TTL logic. 

The MM54HC139/MM74HC139 contain two independent 
one-of-four decoders each with a single active low enable 
input (G1, or G2). Data on the select inputs (A1, and B1 or 
A2, and B2) cause one of the four normally high outputs to 
go low. 

The decoder’s outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally as well as pin equiva- 


lent to the 54LS139/74LS139. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 

Features 

■ Typical propagation delays — 

Select to outputs (4 delays): 18 ns 
Select to output (5 delays): 28 ns 
Enable to output: 20 ns 

■ Low power: 40 /xW quiescent supply power 

■ Fanout of 10 LS-TTL devices 

■ Input current maximum 1 fxA, typical 10 pA 


Connection Diagram 

Dual-ln-Llne 


SELECT DATA OUTPUTS 

ENABLE , < , , ^ 

Vcc 02 A2 B2 2Y0 2Y1 2Y2 2Y3 



SELECT DATA OUTPUTS TL/F/5311-1 

MM54HC139/MM74HC139 
54HC1 39 ( J) 74HC1 39 (J,N) 


Truth Table 


’HC139 


Inputs 

Outputs 

Enable 

Select 

G 

B 

A 

YO 

Y1 

Y2 

Y3 

■■ 


o 

H 

H 

H 

H 

HI 


II 

L 

H 

H 

H 

IB 

L 

H 

H 

L 

H 

H 

n 

H 

L 

H 

H 

L 

H 

m 

H 

H 

H 

H 

H 

L 


H = high level, L=low level, X = don’t care 


Logic Diagram 


y, MM54HC139/MM74HC139 



TL/F/5311-2 


1-104 








Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) ' - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) ~ 0-5 to Vcc + 0.5V 

Clamp Diode Current (l|K. Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150“C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (Tl) (Soldering 1 0 seconds) 260‘'C 

DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
. (tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


74HC 54HC 

Ta= -40to85‘’C Ta= -55to125°C 




V|n = V|h orViL 
|IoutI^ 4.0 mA 
il0UTi^5.2 mA 


V|N = V|HOrV|L 
|IoutI^ 20 p,A 


ViN = V|HOr V|L 
|IoutI^ 4.0 mA 
il0UTi^5.2 mA 


V|N— VccorGND 6.0V 


IOUT = 0 /aA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/°C from 65°C to SS'C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


±0.1 

±1.0 

8.0 

80 
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MM54HC139/74HC139 


AC Electrical Characteristics 

Vcc = 5V. Ta = 25'’C. Cl = 15 pF, tr = t, = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 

Delay, Binary Select to any Output 

4 levels of delay 


18 

30 

ns 

tpHL. tpLH 

Maximum Propagation 

Delay, Binary Select to any Output 

5 levels of delay 


28 

38 

ns 

<PHL. tpLH 

Maximum Propagation 

Delay, Enable to any Output 


19 

30 

ns 


AC Electrical Characteristics Cl= 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=-40 to85'’C 

54HC 

Ta=- 55 tOl25°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 


2.0V 

110 

175 

219 

254 

ns 


Delay Binary Select to 


4.5V 

22 


44 

51 

ns 


any Output 4 levels of delay 


6.0V 

18 

El 

38 

44 

ns 

tpHL. tPLH 

Maximum Propagation 



165 

220 

275 

320 

ns 


Delay Binary Select to any 



33 

44 

55 

64 

ns 


Output 5 levels of delay 


^09 

28 

38 

47 

54 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 

115 

175 

219 

254 

ns 


Delay Enable to any 


4.5V 

23 

■cm 

44 

51 

ns 


Output 


6.0V 

19 


38 

44 

ns 

tTLH. tTLH 

Maximum Output Rise 



30 


95 

110 

ns 


and Fall Time 



8 

19 

19 

22 

ns 





7 

13 

16 

19 

ns 

C|N 

Maximum Input 



3 

. 10 

10 

10 

;xF 


Capacitance 








CpD 

Power Dissipation 

(Note 5) 


75 




pF 


Capacitance (Note 5) 









Note 5: Cpo determines the no load dynamic power consumption. Po=Cpo Vcc^ *+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


microCMOS 


MI\/I54HC147/MM74MC147 10-to-4 Line Priority Encoder 


General Description 

This high speed 10-to-4 Line Priority Encoder utilizes micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. It 
possesses the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits. This device 
is fully buffered, giving it a fanout of 10 LS-TTL loads. 

The MM54HC147/MM74HC147 features priority encoding 
of the inputs to ensure that only the highest order data line 
is encoded. Nine input lines are encoded to a four line BCD 
output. The implied decimal zero condition requires no input 
condition as zero is encoded when all nine data lines are at 
a high logic level. All data inputs and outputs are active at 
the low logic level. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Low quiescent power consumption; 40 p.W maximum at 
25°C 

■ High speed: 31 ns propagation delay (typical) 

■ Very low input current: 10 “5 ^^A typical 

■ Wide supply range: 2V to 6V 


Connection Diagram 


Logic Diagram 


Dual-ln-Line Package 


OUTPUT 

Vcc NC D 3 


OUTPUT 
9 A 


16 Its |l4 |l3 1 12 111 I 10 I 





D 

4 

3 2 19 

A 

S 6 

8 C B 

-0 

<3 



|1 |2 |3 |4 |5 |e |T |8 

4 5 6 7 a C B GND 

INPUTS OUTPUTS 

TOP VIEW TL/F/5007-1 

MM54HC1 47/MM74HC1 47 

54HC1 47 ( J) 74HC1 47 (J,N) 


Truth Table 


Inputs 

Outputs 

1 23456789 

D C B A 


HHHHHHHHHHHHH 
XXXXXXXXLLHHL 
XXXXXXXLHLHH H 
XXXXXXLHHHLLL 
XXXXXLHHHHLLH 
XXX. XLHHHHHLHL 
XXXLHHHHHHLHH 

xxlhhHhhhhhll 

XLHHHHHHHHHLH 

lhhhhhhhhIhhhl 

H = High Logic Level, L = Low Logic Level, X = Irrelevant 



I 
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MM54HG147/74HC147 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions . 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

. 6 

V 

DC Output Voltage (Vqijt) 

Clamp Diode Current (I|k, Iqk) 

-0.5 to Vcc + 0.5V 
±20mA 

DC Input or Output Voltage 
(Vin.Vout) 

0 

Vcc 

V 

DC Output Current, per pin (Iqlit) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

•c 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 

±50 mA 

-eS'Cto +150‘‘C 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

'C 

Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0 V 


1000 

ns 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 

Vcc = 4.5 V 

Vcc = 6.0 V 


500 

400 

ns ' 
ns 


DC Electricai Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 tOl25°C 

Units 









Typ 


Guaranteed Limits | 


ViH 

Minimum High Level 




1.5 


1.5 

V 


Input Voltage 




3.15 


3.15 

V 





^^9 

4.2 


4.2 

V 

V|L 

Maximum Low Level 


2.0V 


^^9 

0.3 

0.3 

V 


Input Voltage 


4.5V 



0.9 

0.9 

V 




6.0V 

^^9 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H orV|L 

Mi 







Output Voltage 

|IoutI^20 iiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|h orViL 
|Iout 1^4.0 mA 


4.7 

3.98 


3.7 

V 



|IoutU 5.2 mA 


5.2 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|Hor ViL 

Mi 







Output Voltage 

|IoutI^ 20 p,A 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orV|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 

8.26 

0.33 

0.4 

V 



||outI^ 5-2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

IlN 

Maximum Input 
Current 

V|N~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

/xA 

Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

liA 


Supply Current 

•OUT=0 jxA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125‘’C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta=25”C, Cl= 15 pF. tr = t, = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fpHL. fPLH 

Maximum Propagation 
Delay 


31 

38 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl =50 pF, lr = tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta= -55to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. fpLH 

Maximum Propagation 


2.0V 

181 


275 

319 

ns 


Delay 


4.5V 

36 

El 

55 

64 

ns 




6.0V 

31 

El 

47 

54 

ns 

tTLH. ItHL 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 




KIM 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per package) 

wm 

180 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



, 5 

10 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc ^cc. and the no load dynamic current consumption, 
ls=CpQ Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC1 49/MM74HC1 49 
8 Line to 8 Line Priority Encoder 


PRELIMINARY 



microCMOS 


General Description 

This priority encoder utilizes microCMOS Technology, 
3.5 micron' silicon gate P-well CMOS. It has the high noise 
immunity and low power consumption typical of CMOS 
circuits, as well as the speeds and output drive similar to 
LS-TTL. 

This priority encode r accepts 8 input request iines, RTy-RlO, 
and outputs 8 lines, RO7-RO0. it is the logical combination 
of a ’148 8-3 iine priority encoder driving a ’138 3-8 line 
decoder. Only one request output can be low at a time. The 
output that is low is dependent on the highest priority re- 
quest that is low. The order of priority is R T? hig hest and MO 
lowest. Also provided is and enable input, ROE, which when 
high forces all outputs high. A reque st out put is also provid- 
ed, RQP, which goes low when any RQP is active. 

Aii inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 


Features 

■ Propagation delay: 15 ns typical 

■ Wide power supply range: 2-6V 

■ Low quiescent current: 80 fiA max (74HC series) 

■ Wide input noise immunity 


Connection Diagram 

Vcc RQO 


Dual-ln-Line Package 

2 R03 B04 fl 


RQP 



RSF 


GND 


MM54HC149/MM74HC149 ~ 
54HC149(J) 74HC149(J,N) 


Truth Table 


inputs 

Outputs 

0 

1 

2 

3 

4 

5 

6 

7 

RQE 

0 

1 

2 

3 

4 

5 

6 

7 

RQP 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H- 

H 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

,H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqut) “ 0-5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ±20 mA 

DC Output Current, per pin (Iqui) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°Cto +150‘’C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (T J (Soldering 1 0 seconds) 260'’C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Max 

Units 

6 

V 

Vcc 

V 

+ 85 

'C 

+ 125 

'C 

1000 

ns 

500 

ns 

400 

ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25°C 

74HC 

Ta= -40 to 85°C 

54HC 

TA=-55to125‘’C 

Units 







Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


WSi 

■■1 

1.5 


1.5 

V 


Input Voltage 




3.15 


3.15 

V 




IB 


4.2 


4.2 

V 

VlL 

Maximum Low Level 


1021 

■■ 

0.3 

0.3 

0.3 

■■ 


Input Voltage 




0.9 

0.9 

0.9 





m 


1.2 

1.2 

1.2 

mm 

Vqh 

Minimum High Level 

ViN = V|H or V|L 

HI 







Output Voltage 

|IoutI^ 20 p.A 


2.0 

1.9 

1.9 

1.9 

V 




Bl^ 

4.5 

4.4 

4.4 

4.4 

V 




03 

6.0 

5.9 

5.9 

5.9 

V 



Vin = V|h or ViL 
|loUTl^4.0mA 

4.5V 

4.2 

3.98 


3.7 

V 



|Iout 1^5.2 mA 

6.0V 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 

HI 







Output Voltage 

|IoutI^ 20 fiA 


0 

0.1 

0.1 

0.1 

V 




ESI 

0 

0.1 

0.1 

0.1 

V 




09 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HOr V|L 
|IoUtI^ 4.0 mA 


0.2 

0.26 

— 

0.4 

V 



1Iout 1^5.2 mA 

09 

0.2 

0.26 


0.4 

V 

l|N 

Maximum Input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

Icc 

Maximum Quiescent 

ViN = Vr.r. or GND 

6.0V 


8.0 

80 

160 

p.A 


Supply Current 

Iout=o M 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic “J" package; -12 mW/°C from 
lOO-C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and VqJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (t|N, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics vcc=5v. ta=25'c, cl=i5 pf, tr=tf=6 ns (Note 6) 


Symboi 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tpLH 

Maximum Propagation Delay 

RIn to a Different Output 


23 

32 

ns 

tPHL. tPLH 

Maximum Propagation Delay ROE to Any Output 


16 

28 

ns 

tpHb tPLH 

Maximum Propagation Delay 

RIn to ROn (same output) 


22 

30 

ns 
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Kn National 

Semiconductor 

MM54HC151/MM74HC151 8-Channel 
Digital Multiplexer 

General Description 

This high speed DIGITAL MULTIPLEXER utilizes micro- All inputs an 


microCMOS 


CMOS Technology. 3.5 micron silicon gate P-well CMOS. 
Along with the high noise immunity and low power dissipa- 
tion of standard CMOS integrated circuits, it possesses the 
ability to drive 10 LS-TTL loads. The MM54HC151/ 
MM74HC151 selects one of the 8 data sources, depending 
on the address presented on the A. B, and C inputs. It fea- 
tures both true (Y) and complement (W) outputs. The 
STROBE input must be at a low logic level to enable this 
multiplexer. A high logic level at the STROBE forces the W 
output high and the Y output low. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 


Connection Diagram 

DUal-ln-Llne 

DATA INPUTS DATA SELECT 

Vcc 4 5 6 7 A B C 

|l6 |l5 |l4 |l3 |l2 111 |lO I 9 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay 
data select to output Y: 26 ns 

■ Wide operating supply voltage range; 2-6V 

■ Low input current: <1 p.A maximum 

■ Low quiescent supply current: 80 ^A maximum (74HC) 

■ High output drive current: 4 mA minimum 


Truth Table 


Outputs 



D4 

05 

D6 

D7 

A 

B 

D3 





C 

D2 

D1 

DO 

Y 

w 

S 


Select 


B 



L 

L 

H 

L 

H 

L 

L 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 


W STROBE GND 


DATA INPUTS OUTPUTS 

MM54HC151/MM74HC151 
54HC151 (J) 74HC151 (J,N) 

Logic Diagram 


H = High Level, L = Low Level. X = Don’t Care 
DO, D1 ...D7 = the level of the respective D input 
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MM54HC151/74HC151 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 to Vcc + 1.5V 

SupplyVoltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25mA 

Operating Temperature Range(TA) 

MM74HC -40 

+ 85 

«c 

DC Vcc Of GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65“C to +150‘‘C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

Lead Temperature (T i) (Soldering 1 0 seconds) 260*C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum 'High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 


' 




4.2 

4.2 

4.2 

V 

V,L 

Maximum Low Level 



■■ 

0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

VOH 

Minimum High Level 

V|N = V|H orViL 

Pi 







Output Voltage 

I•OUTI^20 fiA 


2.0 

1.9 

1.9 

1.9 

V 




^^9 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 

3.84 

3.7 

V 



|IoutI^ 5.2 mA 

6.0V 

5.7 

5.48 

5.34 

5.2 

V . 

VoL 

Maximum Low Level 

V|N = V|HorV|L 

Pi 






■ 

Output Voltage 

110071^20 /iA 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|h or V|L 
IIoutI^^.O mA 

4.5V 

0.2 

0.26 


0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 


0.4 

V 

l|N 

Maximum Input 
Current 

V|N = VccorGND 

6.0V 


±0.1 

±1.0 

±1.0 

JU.A 

icc 

Maximum Ouiescent 

V|N=Vcc orGND 

6.0V 


8.0 

80 

160 

)j.A 


Supply Current 

•OUT = 0 M 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3; Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100'“Cto125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Voh> and Vol) occur for HC at 4,5V. Thus the 4.5V values should bo used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc=5V, Ta = 25’’C, Cl=15 pF, tr = tf=6 ns 


Symbol 

Parameter 

fpHL. tpLH 

Maximum Propagation Delay 
A, B or C to Y 

■tpHL. tpLH 

Maximum Propagation Delay 
A, B or C to W 

tpHL. tPLH 

Maximum Propagation Delay 
Any D to Y 

tpHL. tpLH 

Maximum Propagation Delay 
any D to W 

tpHL. tpLH 

Maximum Propagation Delay 
Strobe to Y 

tpHL. tpLH 

Maximum Propagation Delay 
Strobe to W 



Typ 

Guaranteed 

Limit 

Units 

26 

35 

ns 

27 

35 

ns 

22 

29 

ns 

24 

32 

ns 

17 

23 

ns 

16 

21 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Conditions Vcc 


Symbol 

Parameter 

tpHL.tPLH 

Maximum Propagation Delay 
A, B or C to Y 

tpHL. tPLH 

Maximum Propagation Delay 
A,BorCtoW 

tpHL. tPLH 

Maximum Propagation Delay 
any D to Y 

tpHL. tPLH 

Maximum Propagation Delay 
any D to W 

tpHL. tPLH 

Maximum Propagation Delay 
Strobe to Y 

tPHL. tpLH 

Maximum Propagation Delay 
Strobe to W 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 

Capacitance 


Ta= 

25°C 

74HC 

Ta=- 40 to 85“C 

54HC 

Ta=- 55 to125*C 

Typ 


Guaranteed Limits 











Note 5: Cpo determines the no load dynamic power consumption, Po = Cpd Vcc* t + tc Vcc. and the no load dynamic 
ls“Cpc Vcc * + lcC' 

Note 6: Refer to back of this section for Typical MM54.74HC AC Switching Waveforms and Test Circuits. 


current consumption, 
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MM54HC153/74HC153 


Nah'onal 

Jl^Semicor 


^Semiconductor . 

microCMOS 

MM54HC153/MM74HC153 Dual 4-lnput Multip exer 

General Description Features 


General Description 

This 4-to-1 line multiplexer utilizes microCMOS Technology, 
3.5 micron silicon gate P-well CMOS. It has the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits. This device is fully buffered, allowing it to 
drive 10 LS-TTL loads. Information on the data inputs of 
each multiplexer is selected by the address on the A and B 
inputs, and is presented on the Y outputs. Each multiplexer 
possesses a strobe input which enables it when taken to a 
low logic level. When a high logic level is applied to a strobe 
input, the output of its associated multiplexer is taken low. 
The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


■ Typical propagation delay: 24 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 fiA maximum (74HC series) 

■ Low input current: 1 /xA maximum 
B Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-In-Line Package 


STROBE A 

Vcc 26 SELECT 2C3 


B S A X 


STROBE 
16 SELECT 


1C1 ICO OUTPUT 6ND 

^ ' IT 

DATA INPUTS 

TOP VIEW 

MM54HC1 53/MM74HC1 53 


54HC153(J) 74HC153(J,N) 


Truth Tabie 


Select 

Inputs 

Data Inputs 

Strobe 

Output 

B A 

CO 

Cl C2 

C3 

G 

Y 

X X 

X 

X X 

X 

H 

L 

L L 

L 

X X 

X 

L 

L 

L L 

H 

X X 

X 

L 

H 

L H 

X 

L X 

X 

L 

L 

L H 

X 

H X 

X 

L 

H 

H L 

X 

X L 

X 

L 

L 

H L 

X 

X H 

X 

L 

H 

H H 

X 

X X 

L 

L 

L 

H H 

•X 

X X 

H 

L 

H 


Select inputs A and B are common to both sections. 
H = high ievei, L = iow ievel, X = don’t care. 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) -0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5to Vcc+1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (Iik, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ±50mA 

Storage Temperature Range (Tstg) -65°C to + 150‘'C 
Power Dissipation (Pq) (Note 3) 500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 

Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

VlH 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

■cc 

Maximum Quiescent 
Supply Current 



V|N = V|HorV|L 
1IoutI^ 4.0 mA 
|Iout 1^5.2 mA 


V|N = V|HorV|L 
|Iout1^20 hA 


V|N = V|HorV|L 
|IoutI^ 4.0 mA 
|IoutI^ 5-2 mA 


V|N = VccorGND 6.0V 


IOUT = 0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from SS'C to 85°C; ceramic "J” package: -12 mW/'C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. end Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. 3rid loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC153/74HC153 


AC Electrical Characteristics vcc=5v. ta=25»c, cl=i5 pf, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay, Select A or B to Y 


26 

30 

ns 

tPHL. tPLH 

Maximum Propagation Delay, Any Data to Y 


20 

23 

ns 

tPHL. tpLH 

Maximum Propagation Delay, Strobe to Y 


8 

15 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

TA=-40to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

1 Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 


2.0V 

131 

158 

198 

237 

ns 


Delay, Select A or B to Y 


4.5V 

29 

35 

44 

52 

ns 




6.0V 

25 

30 

38 

45 

ns 

tPHL. tpLH 

Maximum Propagation 


2.0V 

99 

126 

158 

189 

ns 


Delay, Any Data to Y 


4.5V 

22 

28 

35 

42 

ns 




6.0V 

19 

23 

29 

35 

ns 

tPHL. tPLH 

Maximum Propagation 


2.0V 

50 

86 

108 

129 

ns 


Delay, Strobe to Y 


4.5V 

12 

19 

24 

29 

ns 




6.0V 

10 

16 

20 

24 

ns 

tTLH. tTHL 

Maximum Output 


2.0V 

30 

75 

95 

110 

ns 


Rise and Fall 


4.5V 

8 

15 

19 

22 

ns 


Time 


6.0V 

7 

13 

16 

19 

ns 

C|N 

Maximum Input Capacitance 



5 

wm 

10 

10 

pF 

CpD 

Power Dissipation 

(Note 5)(per package) 

n 


n 





Capacitance 

Outputs Enabled 


90 




pF 



Outputs Disabled 

IHl 

25 




pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc ^cc. arid the no load dynamic current consumption. 
ls=CpD Vcc f+Icc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagram 



1-118 








































































National 

Semiconductor 


MM54HC154/MM74HC154 4-to-16 Line Decoder 



General Description 

This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad- 
dress decoding or data routing applications. It possesses 
high noise immunity, and low power consumption of CMOS 
with speeds similar to low power Schottky TTL circuits. 

The MM54HC154/MM74HC154 have 4 binary select inputs 
(A, B, C, and D). If the device is enabled these inputs deter- 
mine which one of the 16 normally high outputs will go low. 
Two active low enables (G1 and G2) are provided to ease 
cascading of decoders with little or no external logic. 


Each output can drive 10 low power Schottky TTL equiva- • 
lent loads, and is functionally and pin equivalent to the 
54LS154/74LS154. All inputs are protected from damage 
due to static discharge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay: 21 ns 

■ Power supply quiescent current: 80 jxA (741-lC) 
a Wide power supply voltage range: 2-6V 

B Low input current: 1 fxA maximum 


Connection Diagram 

Dual-ln-Llne Package 


INPUTS OUTPUTS 


Vcc A B C 0 G2 G1 15 14 13 12 11 



OUTPUTS 

TOP VIEW 

MM54HC154/MM74HC154 
54HC1 54 (J) 74HC1 54 ( J,N) 


TL/F/5122-1 


Truth Table 


Inputs 

Low 

Output* 

G1 

G2 

D 

c 

B 

A 

L 

L 

L 

L 

L 

L 

0 

. L 

L 

L 

L 

L 

H 

1 

L 

L 

L 

L 

H 

L 

2 

L 

L 

L 

L 

H 

H 

3 

L 

L 

L 

H 

L 

L 

4 

L 

L 

L 

H 

L 

H 

5 

L 

L 

L 

H 

H 

L 

6 

L 

L 

L 

H 

H 

H 

7 

L 

L 

H 

L 

L 

L 

8 

L 

L 

H 

L 

L 

H 

9 

L 

L 

H 

L 

H 

L 

10 

L 

L 

H 

L 

H 

H 

11 

L 

L 

H 

H 

L 

L 

M2 

L 

L 

H 

H 

L 

H 

13 

L 

L 

H 

H 

H 

L 

14 

L 

L 

H 

H 

H 

H 

15 

L 

H 

X 

X 

X 

X 

— 

H 

L 

X 

X 

X 

X 

— 

H 

H 

X 

X 

X 

X 

— 


•All others high 
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MM54HC154/74HC154 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k. Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg). 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto ±150°C 
500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


260“C 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

±85 

"C 

MM54HC 

Input Rise or Fall Times 

-55 

±125 

°c 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High 


2.0V 


1.5 

1.5 

1.5 

V 


Level Input 


4.5V 


3.15 

3.15 

3.15 

V 


Voltage 


6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low 


2.0V 

HI 

0.3 

0.3 

0.3 

V 


Level Input 


4.5V 


0.9 

0.9 

0.9 

V 


Voltage 


6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High 

V|N = V|HorV|L 








Level Output 

|IoutN 20 p,A 


2.0 

1.9 

1.9 

1.9 

V 


Voltage 



4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

M 

4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low 

V|N = V|H orV|L 






■■ 


Level Output 

|loUTk20 nA 

2.0V 

0 

0.1 

0.1 

0.1 



Voltage 


4.5V 

0 

0.1 

. 0.1 

0.1 

■■ 




6.0V 

0 

0.1 

.0.1 

0.1 




V|N = V|H orV|L 
|louTk4.0 mA 

M 

0.2 



0.4 

H 



|IoutI^ 5.2 mA 

m 

0.2 



0.4 

V 

l|N 

Maximum 

Input Current 

V|N ~ Vcc or GND 

6.0V 

■ 

±0.1 

±1.0 

±1.0 

fiA 

Icc 

Maximum 

V|N ~ Vcc or GND 

6.0V 

■ 

8.0 

80 

160 

fiA 


Quiescent 
Supply Current 

Iout=0mA 


■ 






Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
100°C to 125”C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and VqiJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25»c. cl=i5 pf. tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

fpHL. fPLH 

Maximum Propagation Delay, GT, G2 or A, B, C, D 


21 

32 

ns 


AC Electrical Characteristics Vcc=2.0V to e.OV, Cl = 50 pF, tr=t( = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25X 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 



63 

160 

190 

220 

ns 


Delay, Gl or G2 



24 

36 

42 

46 

ns 


or A, B, C, D 



20 

30 

35 

39 

ns 

tTLH. tTHL 

Maximum Output 



25 

75 

95 

)10 

ns 


Rise and Fall Time 



7 

15 

19 

22 

ns 




IBI 

6 

13 

16 

19 

ns 

CpD 

Power Dissipation 


■l 

90 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 


HI 

5 

10 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc> arid the no load dynamic current consumption, 
ls = CpD Vcc *+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Nah'onal 

Semiconductor 


microCMOS 


MM54HC157/MM74HC157 Quad 2-Input Multiplexer 
MM54HC158/MM74HC158 Quad 2-Input Multiplexer 
(Inverted Output) 


General Description 

These high speed QUAD 2-to-1 LINE DATA SELECTOR/ 
MULTIPLEXERS utilize microCMOS Technology, 3.5 microri 
silicon gate P-well CMOS. They possess the high noise im- 
munity and low power consumption of standard CMOS inte- 
grated circuits, as well as the ability to drive 10 LS-TTL 
ioads. 

These devices each consist of four 2-input digital multiplex- 
ers with common select and STROBE inputs. On the 
MM54HC157/MM74HC157, when the STROBE input is at 
logical “0” the four outputs assume the values as selected 
from the inputs. When the STROBE input is at a logical “1” 
the outputs assume logical “0”. The MM54HC158/ 
MM74HC158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re- 
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs. 


Connection Diagrams 

Dual-In-Line Package 

INPUTS OUTPUT inputs OUTPUT 
Vcc STROBE 4A 4B 4Y 3A 3B 3Y 
|l6 Its |l4 |l3 |l2 111 |l0 U 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 14 ns data to any output 

■ Wide power supply range: 2-6V 

n Low power supply quiescent current: 80 fiA maximum 
{74HC series) 

. a Fan-out of 10 LS-TTL loads 
a Low input current: 1 fiA maximum 



G 

4A 

4B 

4Y 

3A 

3B 

S 





3Y 

1A 

IB 

1Y 

2A 

28 

2Y 


Dual-ln-Llne Package 

INPUTS OUTPUT INPUTS OUTPUT 
Vcc STROBE 4A 4B 4Y 3A 3B 3V 
|l6 |l5 I 14 |l3 |l2 |l1 |l0 U 



G 

4A 

4B 

4Y 

3A 

3B 

S 





3Y 

1A 

IB 

1Y 

2A 

2B 

2Y 



SELECT 1A IB 1Y 2A 2B 2Y GND 

INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW tl/f, 

MM54HC1 57/MM74HC1 57 

54HC1 57 (J) 74HC1 57 (J,N) 

Function Tabie 


SELECT 1A IB 1Y 2A 2B 2Y GND 

INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-2 

MM54HC1 58/MM74HC1 58 


54HC1 58 ( J) 74HC1 58 (J,N) 


Inputs 

Output Y 

Strobe 

Select 

A B 

HC157 

HC158 

H 

X 

X X 

L 

H 

L 

L 

L X 

L 

H 

L 

L 

H X 

H 

L 

L 

H 

X L 

• L 

H 

L 

H 

X H 

H 

L 


H = High Level, L = Low Level. X = Irrelevant 
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MM54HC157/74HC157 

MM54HC158/74HC158 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqijt) ~ 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

pc Output Current, per pin (Iout) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150“C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T l) (Soldering 10 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vqut) 

j 



Operating Temperature Range(TA) 



MM74HC 

-40 

+ 85 

“C 

MM54HC 

-55 

+ 125 

'C 

Input Rise or Fall Times 




(tr.tf) Vcc=2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25-C 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55tOl25“C 

Units 









I Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


wm 


1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 




B9 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



m 

0.3 

0.3 

0.3 

V. 


Input Voltage 




0.9 

0.9 

0.9 

V 




liftW 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

Vin = V|h or V|L 

Mi 







Output Voltage 

|IoutI^20 /aA 


2.0 

1.9 

1.9 

1.9 

V 




Q9 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V(HOrV|L 
|loUTl^4.0mA 

n 

i 

4.2 

3.98 

— 

3.7 

V 



|I0UtN 5.2 mA 

bsi 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H orViL 

Mi 







Output Voltage 

|IoUtI^ 20 p.A 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
|IoutI^ 4.0 mA 

4.5V 

0.2 


— 

0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|fs| = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

p,A 

Icc 

Maximum Quiescent 

V|N— Vcc or GND 

6.0V 


8.0 

80 

160 

(iiA 


Supply Current 

IOUT“0 pA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
lOO-C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vou) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V arid 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc=5V, Ta = 25'’C, Cl= 15 pF, tr = t{ = 6 ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 



63 

125 

158 

186 

mm 


Delay, Data to Output 



13 

25 

32 

37 

mm 





11 

21 

27 

32 

ns 

tPHL. tPLH 

Maximum Propagation 



63 

125 

158 

186 

ns 


Delay, Select to Output 


^^9 

13 

25 

32 

37 

ns 





11 

21 

27 

32 

ns 

tPHL. tPLH 

Maximum Propagation 



58 

115 

145 

171 

ns 


Delay, Strobe to Output 


^Q9 

12 

23 

29 

34 

ns 





10 

20 

25 

29 

ns 

tTLH. tTHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 








CpD 

Power Dissipation 



n 




pF 

I 

Capacitance (Note 5) 









Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpo Vcc* t + lcc ^cc. and the no load dynamic current consumption, 

ls = CpD Vcc t + icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC158/74HC158 










































































MM54HC157/74HC157 

MM54HC158/74HC158 
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Semiconductor 

MM54HC160/MI\/174HC160 microCWiQS 

Synchronous Decade Counter with Asynchronous Clear 
MM54HC1 61 /MM74HC1 61 

Synchronous Binary Counter with Asynchronous Clear 
MM54HC162/MM74HC162 

Synchronous Decade Counter with Synchronous Clear 
MM54HC163/MM74HC163 

Synchronous Binary Counter with Synchronous Clear 

General Description 


The MM54HC160/MM74HC160, MM54HC161/ 

MM74HC161. MM54HC162/MM74HC162. and 

MM54HC163/MM74HC163 synchronous presettable coun- 
ters utilize microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS, and internal look-ahead carry logic for use in 
high speed counting applications. They offer the high noise 
immunity and low power consumption inherent to CMOS 
with speeds similar to low power Schottky TTL. The ’HC160 
and the 'HC162 are 4 bit decade counters, and the ’HC161 
and the ’HC163 are 4 bit binary counters. All flip-flops are 
clocked simultaneously on the low to high to transition (pos- 
itive edge) of the CLOCK input waveform. 

These counters may be preset using the LOAD input. Pre- 
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the data on the A, B, C, and D inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 
operation will be unaffected. 

All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HC162/MM74HC162 
and MM54HC163/MM74HC163 counters are synchronous 
to the clock. That is, the counters are cleared on the posi- 
tive edge of CLOCK while the clear input is held low. 


Connection Diagram 

RIPPLE OUTPUTS 

CARRY - ENABLE 

vcc OUTPUT Qa Qb Qc Oo t load 
lie |lS |l4 |l3 |l 2 111 |l 0 I 9 



RIPPLE Qa 

Ob 

QC 

Qq enable 

CARRY 

OUTPUT 

T 



CLEAR 



LOAD 

CK A 

A A 



ENABLE 

B 

C 

D P 


The MM54HC160/MM74HC160 and MM54HC161/ 
MM74HC161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of the CLOCK. 

Two active high enable inputs (ENP and ENT) and a RIP- 
PLE CARRY (RC) output are provided to enable easy cas- 
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal in duration to 
the high level portion of the Qa output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen- 
tation of N-bit counters. 

AH inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

Q Typical operating frequency: 40 MHz 
M Typical propagation delay: clock to Q: 18 ns 
■ Low quiescent current: 80 ^lA maximum (74HC series) 

□ Low input current: 1 fj.A maximum 
B Wide power supply range: 2-6V 


Truth Tables 


’HC160/HC161 
CLK I CLR I ENP I ENT I Load I 




Dad Function 

X Clear 

H Count & RC disabled 

H Count disabled 
H Count & RC disabled 

Load 

Increment Counter 


H = high level, L = low level 
X = don't care, t = low to high transition 


’HC162/HC163 


CLEAR CLOCK A B 


BCD ENABLE GND 

. ' P 

DATA INPUTS TL/F/5008-1 


54HC1 60 ( J) 74HC1 60 ( J,N) 
54HC161(J) 74HC161(J,N) 

54HC162(J) 74HC162(J,N) 

54HC163 (J) 74HC163 (J,N) 


X Clear 

H Count & RC disabled 

H Count disabled 
H Count & RC disabled 

L Load 

H Increnfient Counter 
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MM54/74HC160/161 

MM54/74HC162/163 







MM54/74HC160/161 

MM54/74HC162/163 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (lour) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150°C 
500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


260‘‘C 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

+ 85 

'C 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

•c 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5 V 


500 

ns 

Vcc=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 




BO 


4.2 

4.2 

4.2 

V 

V,L 

Maximum Low Level 





0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = ViHor V|L 

M 







Output Voltage 

|IoutI^20 fiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




^^0 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



HoutI^ 5.2 mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vol 

Maximum Low Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^20 fiA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 




001 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 


0.2 

^^0 


0.4 

V 



|IoutI^ 5.2 mA 

^^0 

0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

jliA 

Icc 

Maximum Quiescent 

V|N~VccorGND 

6.0V 


8.0 

80 

160 

JU.A 


Supply Current 

Iout=0fA 

j 







Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65“C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc=5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25“c, cl=i5 pf. tr=t,=6 ns 


Symbol 

Parameter 

fMAX 

Maximum Operating Frequency 

fpHL. tpLH 

Maximum Propagation Delay, Clock to RC 

fpHL. tpLH 

Maximum Propagation Delay, Clock to Q 

tPHL. tpLH 

Maximum Propagation Delay, ENT to RC 

tPHL 

Maximum Propagation Delay, Clear to Q or RC 

tREM 

Minimum Removal Time, Clear to Clock 

ts 

Minimum Set Up Time Clear, Load, 

Enable or Data to Clock 

tH 

Minimum Hold Time, Data from Clock 

tw 

Minimum Pulse Width Clock, 

Clear, or Load 



Typ 

Guaranteed Limit 

Units 

43 

30 

MHz 

30 

35 

ns 

29 

34 

ns 

18 

32 

ns 

27 

38 

ns 

10 

20 

ns 


30 

ns 


5 

ns 


16 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

fpHL 

Maximum Propagation 
Delay, Clock to RC 

fpLH 

Maximum Propagation 
Delay, Clock to RC 

fpHL 

Maximum Propagation 
Delay, Clock to Q 

fPLH 

Maximum Propagation 
Delay, Clock to Q 

tpHL 

Maximum Propagation 
Delay, ENT to RC 

fpLH 

Maximum Propagation 
Delay. ENT to RC 

tpHL 

Maximum Propagation 
Delay, Clear to Q or RC 

fREM 

Minimum Removal Time 
Clear to Clock 

fs 

Minimum Set Up Time 
Clear, Load, Enable 
or Data to Clock 

tH 

Minimum Hold Time 

Data from Clock 

tw 

Minimum Pulse Width 
Clock, Clear, or 

Load 

tlLH. tTHL 

Maximum 

Output Rise and 

Fall Time 

tr.tf 

Maximum Input Rise and 
Fall Time 



Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85"C 

54HC 

TA=-55to125°C 

Units 

EI?!1 

Guaranteed Limits 

2.0V 

19 

5 

4 

4 

MHz 

4.5V 

19 

27 

21 

18 

MHz 

6.0V 

mm 

32 

25 

21 

MHz 

2.0V 

100 

215 

271 

320 

ns ’ 

4.5V 

32 

43 

54 

64 

ns 

6.0V 

28 

37 

\ 46 

54 

ns 


88 

175 

220 

260 

ns 


18 

35 

44 

52 

ns 


15 

30 

37 

44 

ns 

2.0V 

95 

205 

258 

305 

ns 

4.5V 

30 

41 

52 

61 

ns 

6.0V 

26 

35 

44 

52 

ns 


85 

170 

214 

253 

ns 

HSi 

17 

34 

43 

51 

ns 


14 

29 

36 

43 

ns 

2.0V 

90 

195 

246 

291 

ns 

4.5V 

28 

39 

49 

58 

ns 

6.0V 

24 

33 

42 

49 

ns 

Wi 

80 

o 

CO 

202 

238 

ns 

■sa 

16 

32 

40 

48 

ns 

uti 

14 

27 

34 

41 

ns 


100 

220 

277 

326 

ns 

Isa 

32 

44 

55 

66 

ns 

ml 

28 

37 

47 

55 

ns 

2.0V 

im 

125 

158 

186 

ns 

4.5V 


25 

32 

37 

ns 

6.0V 


21 

27 

32 

ns 

2.0V 

■m 

150 

190 

225 

ns 

4.5V 


30 

38 

45 

ns 

6.0V 


26 

32 

38 

ns 

2.0V 


50 

63 

75 

ns 

4.5V 


10 

13 

15 

ns 

6.0V 


9 

11 

13 

ns 



80 

100 

120 

ns 



16 

20 

24 

ns 

ml 


14 

17 

20 

ns 


40 

75 

95 

110 

ns 

na 

6 

15 

19 

22 

ns 

ml 

7 

13 

16 

19 

ns 

2.0V 


1000 

1000 

1000 

ns 

4.5V 


500 

500 

500 

ns 

6.0V 

mm 

400 

400 

400 

ns 


1 
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MM54/74HC160/161 

MM54/74HC162/163 


AC Electrical Characteristics (Continued) Cl= 50 pF, tr=tf=6 ns (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 25X 

74HC 

Ta=- 40 to 85X 

S4HC 

Ta=- 55 to125X 

Units 

Typ 

1 Guaranteed Limits 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per package) 

■ 

90 




pF 

C|N 

Maximum Input Capacitance 



5 

m 

10 

10 

pF 


Note 5: CpD determines the no load dynamic power consumption. Pp^Cpo Vcc^ *+lcc Vcc. and the no ioad dynamic current consumption, 
ls=CpD Vcc t+Icc- 

Note 6: Refer to Section 1 for Typicai MM54/74 HC AC Switching Waveforms and Test Circuits. 


Logic Diagrams 

MM54HC160/MM74HC160 or MM54HC162/MM74HC162 


oa Ob oc od 



MM54HC161/MM74HC161 or MM54HC163/MM74HC163 

Oa Os QC Oo 
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Logic Waveforms 


160, 162 Synchronous Decade Counters Typical Clear, Preset, Count and Inhibit Sequences 




RIPPLE CARRY 
OUTPUT 


Sequence: rn«ci 

(1) Clear outputs to zero 

(2) Preset to BCD seven 

(3) Count to eight, nine, zero, one, two, and three 

(4) Inhibit 


161, 163 Synchronous Binary Counters Typical Clear, Preset, Count and Inhibit Sequences 

l_J (ASYNCHRONOUS) 

” L J (SYNCHRONOUS) 


DATA J B. 
inputs'] 

C. 


RIPPLE CARRY ' 
OUTPUT 


I M2 III 14 15 0 

I COUNT - 

CLEAR PRESET 


Sequence: . 

(1) Clear outputs to zero 

(2) Preset to binary twelve 

(3) Count to thirteen, fourteen, fifteen, zero, one and two 

(4) Inhibit 
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MM54HC164/74HC164 




1 Semiconductor 

\ / 

microCMOS 


MM54HC1 64/MM74HC1 64 

8-Bit Serial-in/Parallel-out Shift Register 


General Description 

The MM54HC164/MM74HC164 utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS. It has the high 
noise immunity and low consumption of standard CMOS in- 
tegrated circuits. It also offers speeds comparable to low 
power Schottky devices. 

This 8-BIT SHIFT REGISTER has gated serial inputs and 
CLEAR. Each register bit is a D-type master/slave flip flop. 
Inputs A & B permit complete control over the incoming 
data. A low at either or both inputs inhibits entry of new data 
and resets the first flip flop to the low level at the next clock 
pulse. A high level on one input enables the other input 
which will then determine the state of the first flip flop. Data 
at the serial inputs may be changed while the clock is high 
or low, but only information meeting the setup and hold time 
requirements will be entered. Data is serially shifted in and 
out of the 8-BIT REGISTER during the positive going tran- 
sition of the clock pulse. Clear is independent of the clock 
and accomplished by a low level at the CLEAR input. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical operating frequency: 50 MHz 

■ Typical propagation delay: 19 ns (Clock to Q) 

■ Wide operating supply voltage range: 2-6V 

■ Low input current: <1 p.A 

■ Low quiescent supply current: 80 fiA maximum (74HC 
series) 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 

Dual-ln-Llne Package 

OUTPUTS 

Vcc Oh Qq Of Oe clear clock 



54HC1 64 ( J) 74HC1 64 ( J,N) 


Truth Tabie 


Inputs 

Outputs 

Clear 

Clock 

A 

B 

Qa 

Qb 

Qh 

L 

X 

X 

X 

L 

L 

L 

H 

L 

X 

X 

Qao 

Qbo 

Qho 

H 

T 

H 

H 

H 

Qao 

QQii 

H 

T 

L 

X 

L 

Qati 

Qgit 

H 

T 

X 

L 

L 

Qao 

Ogo 


H = High Level (steady state). L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 
f = Transition from low to high level. 

Qao- Qbo> Oho = •®vel of Qa, Qb. or Qh. respectively, before the 
indicated steady state input conditions were established. 

QAn- Qcn = The level of Qa or Qq before the most recent T transition of 
the clock; indicated a one-bit shift. 


Logic Diagram 


SERIAL 

INPUTS 



QD 


Og Oh 

TL/F/5315-2 


1-132 





Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V||m) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) “ 0-5 to Vcc + 0-5V 

Clamp Diode Current (Iik, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T stg) - 65°C to +1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vqut) 




Operating Temperature Range(TA) 



MM74HC 

-40 

+ 85 

-c 

MM54HC 

-55 

+ 125 

°c 

Input Rise or Fall Times 




(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'>C 

74HC 

Ta= -40 to BS'C 

54HC 

TA=-55to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 


■a 



V 


Input Voltage 


4.5V 


iQ 



■■ 




6.0V 






V|L 

Maximum Low Level 


2.0V 



0.3 

0.3 

n 


Input Voltage 


4.5V 



0.9 

0.9 





6.0V 


1.2 

1.2 

1.2 

■■ 

Vqh 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

|IoutI^20 ft a 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

■■ 




6.0V 

6.0 

5.9 

5.9 

5.9 

■■ 



V|N = V|HOrV|L 
|louTk4.0 mA 


4.2 

3.98 


3,7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 








Output Voltage 

|Iout 1^20 fiA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

■■ 




6.0V 

0 

0.1 

0.1 

0.1 




V|N = V|H orViL 
llouTi^4.0 mA 

4.5V 


0.26 

0.33 

0.4 

H 



I'outI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

■■ 

l|N 

Maximum Input 
Current 

V||\| = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

icc 

Maximum Quiescent 

V|N~ Vcc or GND 

6.0V 


8.0 

80 

160 

/±A 


Supply Current 

IOUT = 0 mA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 


Vcc=5V. Ta = 25'’C. Cl= 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 
Frequency 



30 

MHz 

tPHL. tPLH 

Maximum Propagation 
Delay, Clock to Output 


19 

30 

ns 

tpHL. tPLH 

Maximum Propagation 
Delay, Clear to Output 


23 

35 

ns 

tREM 

Minimum Removal Time, 
Clear to Clock 


-2 

0 

ns 

ts 

Minimum Set Up Time 

Data to Clock 


12 

20 

ns 

tH 

Minimum Hold Time 

Clock to Data 


1 

5 

ns 

tw 

Minimum Pulse Width 

Clear or Clock 


10 

16 

ns 


AC Electrical Characteristics Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55to125'’C 

Units 

Typ 

Guaranteed Limits | 

^MAX 

Maximum Operating 


ESI 


5 

4 

3 

MHz 


Frequency 




27 

21 

18 

MHz 






31 

24 

20 

MHz 

fpHL. tPLH 

Maximum Propagation 



115 

175 ' 

218 

254 

ns 


Delay, Clock to Output 



13 

35- 

44 

51 • 

ns 





20 

30 

38 

44 

ns 

fPHL. tPLH 

Maximum Propagation 



140 

205 

256 

297 

ns 


Delay, Clear to Output 



28 

41 

51 

59 

ns 





24 

35 

44 

51 

ns 

tREM 

Minimum Removal Time 


ESI 

-7 

0 

0 

0 

ns 


Clear to Clock 



-3 

0 

0 

0 

ns 





-2 

0 

0 

0 

ns 

ts 

Minimum Set Up Time 


2.0V 

25 

100 

125 

150 

ns 


Data to Clock 


4.5V 

14 

20 

25 

30 

ns 




6.0V 

12 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

-2 

5 

5 

5 

ns 


Clock to Data 


4.5V 

0 

5 

5 

5 

ns 




6.0V 

1 

5 

5 

5 

ns 

tw 

Minimum Pulse Width 



22 

80 

100 

120 

ns 


Clear or Clock 



11 

16 

20 

24 

ns 




m 

10 

14 

18 

20 

ns 

tTHL. tTLH 

Maximum Output 


2.0V 


75 

95 

110 

ns 


Rise and Fall Time 


4.5V 


15 

19 

22 

ns 




6.0V 


13 

16 

19 

ns 

tfi tf 

Maximum Input Rise and 


2.0V 


ESI 

1000 

1000 

ns 


Fall Time 


4.5V 


ISI 

500 

500 

ns 




6.0V 

HE 

EE 

400 

400 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per package) 

5.0V 

150 

■ 



pF 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+bc Vcc> and the no load dynamic current consumption, 
ls = CpD Vcc t+bc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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PRELIMINARY 


microCMOS 


MM54HC165/MM74HC165 
Parallel-in/Serial-out 8-Bit Shift Register 


General Description 

The MM54HC165/MM74HC165 high speed PARALLEL-IN/ 
SERIAL-OUT SHIFT REGISTER utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS. It has the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

This 8-bit serial shift register shifts data from Qa to Oh when 
clocked. Parallel inputs to each stage are enabled by a low 
level at the SHI FT/ LOAD input. Also included is a gated 
CLOCK input and a complementary output from the eighth 
bit. 

Clocking is accomplished through a 2-input NOR gate per- 
mitting one input to be used as a CLOCK INHIBIT function. 
Holding either of the CLOCK inputs high inhibits clocking, 
and holding either CLOCK input low with the SHIFT/LOAD 
input high enables the other CLOCK input. Data transfer 
occurs on the positive going edge of the clock. Parallel load- 


Connection Diagram 

Dual-ln-Llne Package 


SERIAL OUTPUT 

A input Oh 


IS 14 13 12 


e P G H Om 


r r p r r r r r 

SHIFT. CLOCK e F G H OUTPUT GKO 

LOAD - • 

PARALLEL INPUTS 


MM54HC165/MM74HC165 


ing is inhibited as long as the SHIFT/LOAD input is high. 
When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

B Typical propagation delay: 20 ns (Clock to Q) 

B Wide operating supply voltage range: 2-6V 
B Low input current: <1 /xA 
a Low quiescent supply current: 80 /lA maximum 
(74HC series) 

B Fanout of 10 LS-TTL loads 


Function Table 


Inputs 

Internal 


Shift/ 

Clock 



Parallel 

Outputs 

Qh 

Load 

Inhibit 



A. . .H 

Qa Qb 


L 

X 

X 

X 

a. . . h 

a b 

h 

H 

L 

L 

X 

X 

Qao Qbo 

Qho 

H 

L 

T 

H 

X 

H Qan 

Qqn 

H 

L 

T 

L 

X 

L Qan 

Qqn 

H 

H 

X 

X 

X 

Qao Qbo 

Qho 


H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

T = Transition from low to high level 

Qao. Qbo. Qho = The level of Qa. Ob- or Qh. respectively, before the 
indicated steady-state input conditions were established. 

Qan. Qgn = Ttio level of Qa or Oq before the most recent t transition of 
the clock; indicates a one-bit shift. 



54HC165(J) 74HC165(J,N) 
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MM54HC165/74HC165 







MM54HC165/74HC165 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+1-5V 

Supply VoItage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 ’ 

"C 

DC Vcc c GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

-c 

Storage Temperature Range (Tstg) 

-65°Cto +150“C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (T i) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

Ta= -40 to 85'C 

54HC 

TA=-55to125'C 

Units 

Typ 1 

Guaranteed Limits 

V|H 

Minimum High Level 


Mi 



1.5 

1.5 

V 


Input Voltage 





3.15 

3.15 

■■ 






la 

4.2 

4.2 


V|L 

Maximum Low Level 


Mi 


0.3 

0.3 

0.3 

n 


Input Voltage 




0.9 

0.9 

0.9 

mm 




IB 


1.2 

1.2 

1.2 

WBM 

Vqh 

Minimum High Level 

V|N = V|H orV|L 

Mi 







Output Voltage 

|IoutI^ 20 fiA 


j 2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 




V|N = V|H orViL 

Mi 








|IoutI^ 4.0 mA 


4.2 

3.98 

3.84 

3.7 




|IoutI^ 6.2 mA 


5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|n = Vih or V|L 

Mi 





■1 


Output Voltage 

|IoutI^20 fiA 

mi 

0 

0.1 

0.1 

0.1 





■ESI 

0 

0.1 

0.1 

0.1 

mm 





0 

0.1 

0.1 

0.1 

\ V 



V|N = V|H or V|L 






■■ 



|IoutI^ 4.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 




110071^5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

mU 

l|N 

Maximum Input 

V|N~VccorGND 

6.0V 


±0.1 

±1.0 

±1.0 

^ jiiA 


Current 

Vcc = 2-6V 




i 



Icc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 


8.0 

80 

160 

}iA 


Supply Current 

loUT=0 mA 








j 

Vcc=2-6V 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
lOOXto 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25»c. cl=i5 pf. tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

fMAX 

Maximum Operating Frequency 


50 

30 

MHz 

tpHL. fpLH 

Maximum Propagation Delay H to Qh or Qh 


15 

25 

ns 

tpHL. fpLH 

Maximum Propagation Delay 

Serial Shift/Parallel Load to Qh 


13 

25 

ns 

tpHL. tpLH 

Maximum Propagation Delay 

Clock to Output 


15 

25 

ns 

ts 

Minimum Set Up Time Serial Input 
to Clock, Parallel or Data to Shift/Load 


10 

20 

ns 

ts 

Minimum Set Up Time Shift/Load to Clock 


11 

20 

ns 

ts 

Minimum Set Up Time Clock Inhibit to Clock 


10 

20 

ns 

tH 

Minimum Hold Time Serial 

Input to Clock or 

Parallel Data to Shift/Load 



0 

ns 

tw 

Minimum Pulse Width Clock 



■ 16 

ns 


AC Eiectrical Characteristics Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symboi 

1 

Parameter 

Conditions 

Vcc 

Ta= 

25^ 

74HC 

Ta= -40 to BS'C 

54HC 

Ta=- 55 to125°C 

Units 







Typ 


Guaranteed Limits 


^MAX 

Maximum Operating 



10 

5 

4 

4 

MHz 


Frequency 



45 

27 

21 

18 

MHz 





50 

32 

25 

21 

MHz 

tpHL. tPLH 

Maximum Propagation 



70 

150 

189 

225 

ns 


Delay H toOn orOH 


tiSM 

21 

30 

38 

45 

ns 





18 

26 

33 

39 

ns 

fpHL. fPLH 

Maximum Propagation 



70 

175 

220 

260 

ns 


Delay Serial Shift/ 



21 


44 

52 

ns 


Parallel Load to Qh 



18 

ESI 

37 

44 

ns 

tpHL. fPLH 

Maximum Propagation 



70 

150 

189 

225 

ns 


Delay Clock to Output 



21 

30 

38 

45 

ns 




ll!] 

18 

26 

33 

39 

ns 

ts 

Minimum Set Up Time 


EM 

35 

100 

125 

150 

ns 

Serial Input to Clock, 



11 

20 

25 

30 

ns 


or Parallel Data to Shift/ Load 



9 

17 

21 

25 

ns 

ts 

Minimum Set Up Time 



38 

100 

125 

150 

ns 


Shift/Load to Clock 


13m 

12 

20 

25 

30 

ns 





9 

17 

21 

25 

ns 

ts 

Minimum Set Up Time 


WH 

35 

100 

125 

150 

ns 

Clock Inhibit to Clock 


wm 

11 

20 

25 

30 

ns 





9 

17 

21 

25 

ns 

tH 

Minimum Hold Time Serial 




0 

0 

0 

ns 

Input to Clock or 




0 

0 

0 

ns 


Parallel Data to Shift/Load 




0 

0 

0 

ns 

tw 

Minimum Pulse Width, 



30 

80 

100 

120 

ns 

Clock 



9 

16 

20 

24 

ns 





8 

14 

18 

20 

ns 

tTHL. tTLH 

Maximum Output 



30 

75 

95 

110 

ns 


Rise and Fall Time 


Vm 

9 

15 

19 

22 

ns 




a 

8 

13 

16 

19 

ns 

tr. tf 

Maximum Input Rise and 


SI 


1000 

1000 

1000 

ns 


Fall Time 


13m 


500 

500 

500 

ns 






400 

400 

400 

ns 

CpD 

Power Dissipation 

Capacitance (Note 5) 

(per package) 


100 




pF 

C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 


Note 5: CpD determines the no load dynamic power consumption. Pd=Cpo Vcc^ f+lcc '^cc. and the no load dynamic current consumption, 
ls = Cpo Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC165/74HC165 


Block Diagram 
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National 


Semiconductor 




mi 


icroCMOS 


MM54HC166/MM74HC166 8-Bit Serial or Parallel 
Input/Serial Output Shift Register with Reset 

General Description 


These shift registers utilize microCMOS technology, 
3.5 micron silicon gate P-well CMOS. The MM54HC166/ 
MM74HC166 are 8-bit shift registers with an output from 
the last stage. Data may be loaded into the register in 
either parallel or serial form. 

When the shift/load input is low, the data is loaded asyn- 
chronously in parallel. When the shift/load input is high, 
the data is loaded serially on the rising edge of either 
Clock 1 or Clock 2 (see the Function Table). Reset is asyn- 
chronous and active low. 

The 2-input NOR clock may be used either by combining 
two independent clock sources or by designating one of 
the clock inputs to act as a clock inhibit. 


The 54HC/74HC logic family is functionally as well as 
pinout compatible with the standard 54LS/74LS logic 
family. All Inputs are protected from damage due to static 
discharge by internal diode clamps to Vcc and ground. 

Features 

■ Wide power supply range: 2\/-6V 

■ Low input current: 1 /iA maximum 

■ Low quiescent current: 80 nA max (74HC series) 

■ Fanout of 10 LS-TTL loads 


Function Table and Connection Diagram 


Inputs 

Internal 

Stages 

Qa Qb 

Output 

Qh 

Operation 

Reset 

Shift/ 

Load 

Clock 1 

Clock 2 

Serial 

Input 

A-H 

H 

L 

X 

X 

X 

a...h 

a 

b 

h 

Asynchronous Parallel Load 

H 

H 

J- 


L 

X 

L 

^An 

EPM 

Serial Shift via Clock 1 

H 

H' 

J~ 


H 

X 

H 

^An 

EM 


H 

H 


J- 

L 

X 

L 

^An 


Serial Shift via Clock 2 

H 

H 


J~ 

H 

X 

H 

LI An 

1 Llcn 


H 

H 

X 

H 

H 

X 

no change 

Inhibited Clock 

H 

H 

H 

X 


X 






H 

H 

L 

L 

X 

X 

no change 

No Clock 

L 

X 

X 

X 

X 

X 

1 L 


L 

Asynchronous Reset 


X = don't care 

_y~= transition from low to high 

QAn-QQn = shifted from the preceding stage 


Dual-ln-Line Package 


Vcc 


PARALLEL 

SHIFT/ INPUT OUTUPT 
LOAD H Oh 


PARALLEL INPUTS 


RESET 



SERIAL 

INPUT 


PARALLEL INPUTS 


CLOCK CLOCK 
1 2 
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MM54HC166/74HC166 


Absolute Maximum Ratings(Notesi and2) 

Supply Voltage (Vcc) - 0.5V to + 7.0V 

DC Input Voltage (V|n) ^ 1 .5V to Vcc + 1 -SV 

DC Output Voltage (Vqut) -0.5V to Vcc + 0.5V 

Clamp Diode Current (I IK, Iok) ± 20mA 

DC Output Current, per Pin (Iout) ±25mA 

DC Vccor GND Current, per Pin (Ice) - 50 mA 

Storage Temperature Range (Tstg) -65°Cto + 150‘’C 

Power Dissipation (Pd) (Note 3) 500 mW 

LeadTemperature(TL)(Soldering, lOseconds) 260‘’C 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 2 6V 

DC Input or Output Voltage 
(V|n,Vout) 0 Vcc V 

Operating Temperature Range 
(Ta) 

MM74HC -40 +85 “’C 

MM54HC -55 +125 °C 

Input Rise or Fall Times (tr, tf) 

Vcc = 2.0V 1000 ns 

Vcc = 4.5V 500 ns 

Vcc = 6.0V 400 ns 



Symbol Parameter 


Minimum High 
Level Input 
Voltage 


V|L Maximum Low 
Level Input 
Voltage 


Vqh Minimum High V|N = V|HorV|L 
Level Output | IqutI ^ 20 ;iA 
Voltage 

V|N = V|HorV|L 
I IqutI ^4.0 mA 
|IoutI ^5.2 mA 



2.0V 2.0 
4.5V 4.5 
6.0V 6.0 






Maximum Low 
Level Output 
Voltage 


Maximum' 
Input Current 

Maximum 

Quiescent 

Supply 

Current 


V|N = V|HorV|L 
I IqutI ^20 ^A 


V|N = V|H or V|L 
|Iout|:s4.0 mA 
I IqutI ^ 5.2 mA 
V|N = Vcc or GND 

V|N = VccorGND 
IOUT = 0 aA 





0.1 

0.1 

0.1 



0.4 


0.4 


±1.0 

160 


V 


aA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic “N” package: -12 mW/°C from 65”C to 85°C; ceramic "J" package; - 12 mW/”C from lOO'C to 
125*0. 

Note 4: For a power supply of 5V ±10%, the worst-case output voltages (Vqh and Vql) occur for HC at 4.5V. Thus, the 4.5V values should be used when 
designing with this supply. Worst-case V|h and ViLOCcur at Vcc = 5-5V and 4.5V, respectively. (The V|h value at 5.5V is3.85V.) The worst-case leakage currents 
(l|N, ICC' 3nd Iqz) occur for CMOS at the higher voltage, so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc = sv, Ta = 25 °c, Cl= is pF,tr=tf= 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limits 

Units 

^MAX 

Maximum Operating Frequency 


50 

30 

MHz 

tpHL. tpLH 

Maximum Propagation Deiay H to Qh or Qh 


15 

25 

ns 

tpHL. tpLH 

Maximm Propagation Delay Serial 
Shift/Parallel Load to Qh 


13 

25 

ns 

tpHL. tpLH 

Maximum Propagation Delay 

Clock to Output 


15 

25 

ns 

tpHL. tpLH 

Maximum Propagation Deiay Reset to Qh 




ns 

ts 

Minimum Set-Up Time Serial Input to Clock, 
Parallel or Data to Shift/Load 


10 

20 

ns 

ts 

Minimum Set-Up Time Shift/Load to Clock 


11 

20 

ns 

ts 

Minimum Set-Up Time Clock Inhibit 
to Clock 


10 

20 

ns 

tH 

Minimum Hold Time Serial Input to Clock 
or Parallel Data to Shift/Load 



0 

ns 

tw 

Minimum Pulse Width Clock 



16 

ns 


AC Eiectrical Characteristics Cl = 50 pF, tr = t( = 6 ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

Vpc 

Ta = 25®C 

74HC 

Ta= -40“C to85»C 

54HC 

Ta= -SS^C to125“C 

Units 





Typ 

Guaranteed Limits 


^MAX 

Maximum 



10 

5 

4 

4 

MHz 


Operating 



45 

27 

21 

18 

MHz 


Frequency 



50 

32 

25 

21 

MHz 

tpHL. tpLH 

Maximum 


IQQn 

70 

150 

189 

225 

ns 


Propagation 



21 

30 

38 

45 

ns 


Delay H to Qh 
orQn 



18 

26 

33 

39 

ns 

X 

CL 

X 

CL 

Maximum 



70 

150 

189 

225 

ns 


Propagation 



21 

30 

38 

' 45 

ns 


Delay Serial 
Shift/Parallel 
Load to Qh 



18 

26 

33 

39 

ns 

^PHL. tpLH 

Maximum 



70 

150 

189 

225 

ns 


Propagation 



21 

30 

38 

45 

ns 


Delay Clock to 
Qutput 



18 

26 

33 

39 

ns 

■ tpHLi tPLH 

Maximum 


ESI 

88 

175 

220 

260 

ns 


Propagation 



23 

35 

44 

52 

ns 


Delay, Reset 
toQn 


IIII2 

20 

30 

38 

45 

ns 

ts 

Minimum 



35 

100 

125 

150 

ns 


Set-Up Time 



11 

20 

25 

30 

ns 


Serial Input to 
Clock or 

Parallel Data 
to Shift/Load 


^^9 

9 

17 

21 

25 

ns 
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MM54HC166/74HC166 


AC Electrical Characteristics (Continued) Cl= 50 pF, t|- = tf = 6 


ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

■■ 

Ta = 25®C 

74HC 

Ta= -40°C to SS^C 

54HC 

Ta= -SS^C to125»C 

Units 





Typ 

Guaranteed Limits 


•s 

Minimum 



38 

100 

125 

150 

ns 


Set-Up Time 



12 

20 

25 

30 

ns 


Shift/Load to 
Clock 


■ 

9 

17 

21 

25 

ns 

ts 

Minimum 


2.0V 

35 

100 

125 

150 

ns 


Set-Up Time 


4.5V 

11 

20 

25 

30 

ns 


Clock Inhibit 
to Clock 


6.0V 

9 

17 

21 

25 

ns 

tH 

Minimum Hold 



■nn 

0 

0 

0 

ns 


Time Serial 




0 

0 

0 

ns 


Input to Clock 
or Parallel 

Data to Shift/ 
Load 



1 

0 

0 

0 

ns 

tw 

Minimum 



30 

80 

100 

120 

ns 


Pulse Width, 



9 

16 

20 

24 

ns 


Clock 



8 

14 

18 

20 

ns 

trLHi tTHL 

Maximum 



30 

75 

95 

110 

ns 


Output Rise 



9 

15 

19 

22 

ns 


and Fall Time 



8 

13 

16 

19 

ns 

tr.tf 

Maximum 


2.0V 


1000 

1000 

1000 

ns 


Input Rise and 


4.5V 


500 


500 

ns 


Fall Time 


6.0V 

■ 

400 


400 

ns 

CpD 

Power 
Dissipation 
Capacitance 
(Note 5) 

(Per Package) 

■ 

100 

1 



rf 

C|N 

Maximum 

Input 

Capacitance 


■ 

5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pq = Cpd Vcc^ f + ICC '^CC< ^^d the no load dynamic current 

consumption, Is = CpD Vcc f + ICC- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits, 
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MM54HC169/74HC169 


National 

Semiconductor 


MM54HC169/MM74HC169 4-Bit Up/Down Synchronous 
Binary Counter 



PRELIMINARY 



General Description 

These counters are implemented using an advanced when LOAD is taken low and a rising edge appears on the 
3.0 micron silicon gate N-well microCMOS process to CLK input. 

achieve high performance. These devices retain the low MM54HC169/MM74HC169 are functional, speed and 

power and high noise immunity of CMOS logic, while pjn equivalent to the equivalent LS-TTL circuit. Its inputs 
offering the high speed operation and large output drive 3^^ protected from damage due to electrostatic discharge 
typically associated with bipolar circuits. 

These counters are incremented or decremented on the 

rising edge of the CLK, clock, input if ENT and ENP are 

held low. The counters increment when the U/D input is at Features 

a logic “1”, and will decrement when U/D is low. The ENT 

input is fed forward to enable the carryoutput.RCO, ripple * Wide power supply range: 2.0V to 6.0V 

carry output, once enabled, will produce a low level pulse ■ High input noise immunity 

while the count is 0 (down count mode) or when the count ■ Wide operating frequency range: 30 MHz 

is all Is (up mode). a output current drive: 6.0 mA min 

These counters are presettable, that is, they may be loaded ■ Low quiescent power consumption: 80 nf< (74HC) 


Connection Diagram 


Dual-in-Line Package 



TOP VIEW 


TL/F/577M 
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MM54HC173/74HC173 



National 

Semiconductor 


MM54HC173/MM74HC173 
TRI-STATE® Quad D Flip-Flop 

General Description 

The MM54HC173/MM74HC173 is a high speed TRI-STATE 
QUAD D TYPE FLIP-FLOP that utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS. It possesses 
the low power consumption and high noise immunity of 
standard CMOS integrated circuits, and can operate at 
speeds comparable to the equivalent low power Schottky 
device. The outputs are buffered, allowing this circuit to 
drive 15 LS-TTL loads. The large output drive capability and 
TRI-STATE feature make this part ideally suited for interfac- 
ing with bus lines in a bus oriented system. 

The four D TYPE FLIP-FLOPS operate synchronously from 
a common clock. The TRI-STATE outputs allow the device 
to be used in bus organized systems. The outputs are 
placed in the TRI-STATE mode when either of the two out- 
put disable pins are in the logic “1” level. The input disable 
allows the flip flops to remain in their present states without 
having to disrupt the clock. If either of the 2 input disables 
are taken to a logic “1” level, the Q outputs are fed back to 


Connection Diagram 

Dual-ln-Line Package 

DATA ENABLE 

DATA INPUTS INPUTS 


Vcc CLEAR ID 2D 3D 4D G2 G1 


J 

16 

15 

14 

13 

12 

kJ 

10 


■1 

■ 

■ 

■ 

■ 

■ai 

r ” 

1 

CLEAR ID 2D 3D 4D DATA 

ENABLE 

OUTPUT gK 

CONTROL 10 20 30 40 \ 



1 

■ 

■ 

■ 

■ 



n 

1 

2 

3 

4 

5 

6 

7 

8 


M N 10 2Q 30 40 CLOCK OND 


OUTPUT CONTROL OUTPUTS 

TOP VIEW TL/F/5317-1 

MM54HC1 73/MM74HC1 73 

54HC173(J) 74HC173(J,N) 



microCMOS 


the inputs, forcing the flip flops to remain in the same state. 
Clearing is enabled by taking the CLEAR input to a logic “1” 
level. The data outputs change state on the positive going 
edge of the clock. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 18 ns 

■ Wide operating supply voltage range: 2-6V 

■ TRI-STATE outputs 

■ Low input current: <1 ju,A maximum 

■ Low quiescent supply current: 80 jiiA maximum (74HC) 

■ High output drive current: 6 mA minimum 


Truth Table 


Inputs 

Output 

Q 

Clear 

Clock 

Data Enable 

Data 

D 

G1 

G2 

H 

X 

X 

X 

X 

L 

L 

L 

X 

X 

X 

Qo 

L 

t 

H 

X 

X 

Qq 

L 

T 

X 

H 

X 

Qo 

L 

T 

L 

L 

L 

L 

L 

T 

L 

L 

H 

H 


When either M or N (or both) is (are) high the 
output is disabled to the high-impedance 
state: however, sequential operation of the 
flip-flops is not affected. 

H = high level (steady state) 

L = low level (steady state) 

t = low-to-high level transition 

X = don't care (any input including transitions) 

Qq = the level of O before the indicated steady state Input condi- 
tions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (1 |k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc O'" GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pd) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1.5V 
— 0.5 to Vcc + 0-5V 
±20 mA 
±35 mA 
±70 mA 
-65'’Cto +150'’C 
500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 

Current 

loz 

Maximum TRI-STATE 
Output Leakage 

Ice 

Maximum Quiescent 
Supply Current 



Guaranteed Limits 

1.5 

1.5 


1.5 

3.15 

3.15 


3.15 




V|N = V|H orViL 
|IoutI^ 6.0 mA 
IIoutI^^.S mA 


V|N = V|H or V|L 
1 IoutI^20 fiA 


ViN = V|HorViL 
1IoutI^ 6.0 mA 
IIoutI^^.S mA 


V|N = Vcc or GND 


Enable = V|H 


V|N = Vcc or GND 

louT = 0pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65'C to 85'C: ceramic "J" package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (lirj, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should bo used. 


±0.1 

±1.0 

±1.0 

jiiA 

±0.5 

±5.0 

±10 

fiA 

8.0 

I 

80 

160 

fiA 
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MM54HC173/74HC173 


AC Electrical Characteristics vcc=5v. ta=25“c, cl=45 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

^MAX 

Maximum Operating Frequency 


45 

30 

MHz 

tpHL. tPLH 

Maximum Propagation 

Delay: Clock to Q 



31 

ns 

tpHL 

Maximum Propagation 

Delay: Clear to Q 


18 

27 

ns 

tpZH. tpZL 

Maximum Output Enable 

Time 

Rl= 1 kft 

18 

28 

ns 

tpHZ. tpLZ 

Maximum Output Disable 

Time 

Rl= 1 kft 
Cl=5pF 

16 

25 

ns 

ts 

Minimum Data Set Up Time 



20 

ns 

ts 

Minimum Data Enable Set Up Time 



20 

ns 

tH 

Minimum Data Hold Time 



0 

ns 

tH 

Minimum Data Enable Hold Time 



0 

ns 

tw 

Minimum Clock Pulse Width 



16 

ns 


AC Electrical Characteristics Vcc=2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85”C 

54HC 

Ta=- 55 to125'’C 

Units 

Bn 

Guaranteed Limits 

fWAX 

Maximum Operating 

Cl = 50 pF 


10 

5 

4 

4 

MHz 


Frequency 



45 

27 

21 

18 

MHz 





55 

32 

25 

21 

MHz 

tpHL. <PLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

80 

175 

220 

262 

ns 


Delay from 

Cl = 150 pF 

2.0V 

110 

225 

280 

338 

ns 


Clock to Q 

Cl = 50 pF 

4.5V 

23 

35 

44 

53 

ns 



Cl= 150 pF 

4.5V 

28 

45 

56 

68 

ns 



Cl = 50pF 

6.0V 

21 

30 

38 

45 

ns 



Cl = 150 pF 

6.0V 

26 

38 

48 

57 

ns 

tPHL 

Maximum Propagation 

Cl = 50 pF 

2.0V 

70 

150 

189 

224 

ns 


Delay from Clear to Q 

Cl = 150 pF 

2.0V 

100 

200 

252 

298 

ns 



Cl =50 pF 

4.5V 

20 

30 

38 

45 

ns 



Cl = 150pF 

4.5V 

25 

40 

50 

60 

ns 



Cl = 50 pF 

6.0V 

17 

26 

32 

38 

ns 



Cl = 150 pF 

6.0V 

22 

34 

43 

51 

ns 

tpZH- tpZL 

Maximum Output 

Rl= 1 kft 








Enable Time 

Cl = 50 pF 

2.0V 

70 

150 

189 

224 

ns 



Cl = 150 pF 

2.0V 

100 

200 

252 

298 

ns 



■Cl = 50 pF 

4.5V 

20 

30 

38 

45 

ns 



-Cl = 150 pF 

4.5V 

25 

40 

50 

60 

ns 



Cl = 50 pF 

6.0V 

17 

26 

32 

38 

ns 



Cl = 150 pF 

6.0V 

22 

34 

43 

51 

ns 

tPHZ. tPLZ 

Maximum Output Disable 

Rl= 1 kft 

igtiM 

70 

150 

189 

224 

ns 


Time 

Cl = 50 pF 

4.5V 

20 

30 

38 

45 

ns 




6.0V 

17 

26 

32 

38 

ns 

ts 

Minimum Data or Data 


2.0V 


100 

125 

150 

ns 


Enable Set Up Time 


4.5V 


20 

25 

30 

ns 




6.0V 

iim 

17 

21 

25 

ns 

tPEM 

Minimum Removal 



■jjji 

90 

112 

135 

ns 


Time 




18 

22 

26 

ns 






15 

19 

22 

ns 

tH 

Minimum Data or Data Enable 




■1 

0 

0 

ns 


Hold Time 





0 

0 

ns 




Egg 


WM 

0 

0 

ns 

tw 

Minimum Clear or Clock 


2.0V 

30 

80 

100 

120 

ns 


Pulse Width 


4.5V 

9 

16 

20 

24 

ns 




6.0V 

8 

14 

17 

20 

ns 
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AC Electrical Characteristics (Continued) 


Vcc = 2.0V to 6.0V, Cl = 50 pF, tr = t( = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=- 55 to125“C 

Units 

Typ 

Guaranteed Limits 

ItHL. tTLH 

Maximum Output 


2.0V 

25 

60 

75 

90 

ns 


Rise and Fall Time 


4.5V 

7 

12 

15 

18 

ns 




6.0V 

5 

10 

13 

15 

ns 

tr. tf 

Maximum Input Rise and 



m 

1000 

1000 

1000 

ns 


Fall Time 




i 1 


500 

ns 




6.0V 

H 

ill 


400 

ns 

CpD 

Power Dissipation Capacitance 

(per flop) 


80 




PF 

C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

PF 

Gout 

Maximum Output 



10 

20 

20 

20 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption. Pd=Cpo Vcc^ t + lcc ^cc. th® n® l®®d dynamic current consumption, 
ls=CpD Vcc t + icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC174/74HC174 


National 

Semiconductor 


microCMOS 


MM54HC174/MM74HC174 Hex D Flip-Flops With Clear 


General Description 

These edge triggered flip-flops utilize microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS, to implement D- 
type flip-flops. They possess high noise immunity, low pow- 
er, and speeds comparable to low power Schottky TTL cir- 
cuits. This device contains 6 master-slave flip-flops with a 
common clock and common clear. Data on the D input hav- 
ing the specified setup and hold times is transferred to the Q 
output on the low to high transition of the CLOCK input. The 
CLEAR input when low, sets all outputs to a low state. 
Each output can drive 10 low power Schottky TTL equiva- 
lent loads. The MM54HC174/MM74HC174 is functionally as 
well as pin compatible to the 54LS174/74LS174. All inputs 
are protected from damage due to static discharge by di- 
odes to Vcc and ground. 


Features 

H Typical propagation delay: 16 ns 
B Wide operating voltage range: 2-6V 
B Low input current: 1 fiA maximum 
B Low quiescent current: 80 fiA (74HC series) 
H Output drive: 10 LSTTL loads 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vim) -1.5 to Vcc + l-SV 

DC Output Voltage (Vout) ~ 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc Of GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65“C to 4-150‘’C 
Power Dissipation (Pc) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc -2.0V 
Vcc = 4.5V 
Vcc -6.0V 


Max 

6 

Vcc 


+ 85 
+ 125 

1000 

500 

400 


Units 

V 

V 


'C 

°c 

ns 

ns 

ns 






Ta- 

25“C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

TA=-40to85X 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 


1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 


4.2 

V 

V|L 

Maximum Low Level 






0.3 

V 


Input Voltage 






0.9 

V 





^^9 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N=V|Hor V|L 

M 







Output Voltage 

1IoutI^ 20 /i,A 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|h orViL 
|IoutI^ 4.0 mA 


4.2 

3.98 

3.84 

3.7 

V 



||0UtI^ 5-2 mA 

Wm 

5.7 

5.48 

5.34 

5.2 

V 

VoL 

Maximum Low Level 

V|N=V|H orViu 

M 







Output Voltage 

|IoutI^ 20 fiA 


0 

0.1 

0.1 

0.1 

V 




^^9 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
|Iout 1^4.0 mA 

n 

0.2 

^^9 


0.4 

V 



lloUTi^5.2 mA 


0.2 


9HB|^9Hi 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

p.A 

Icc 

Maximum Quiescent 

V|N — Vf;c or GND 

6.0V 


8.0 

80 

160 

p-A 


Supply Current 

IOUT=0 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 


Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6,0V values should be used. 
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MM54HC174/74HC174 


AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fWAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

tPHL. tPLH 

Maximum Propagation 

Delay, Clock or Clear to Output 


16 

30 

ns 

tREM 

Minimum Removal Time, 

Clear to Clock 


-2 

5 

ns 

ts 

Minimum Set Up Time 

Data to Clock 


10 

20 

ns 

tH 

Minimum Hold Time 

Clock to Data 


0 

5 

ns 

tw 

Minimum Pulse Width 

Clock or Clear 


10 

16 

ns 


AC Eiectrical Characteristics Cl=50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25”C 

74HC 

Ta=- 40 to85X 

54HC 

Ta=- 55 to125'C 

Units 

BH 

Guaranteed Limits 

ffVlAX 

Maximum Operating 



■ 

5 

4 

3 

MHz 


Frequency 


4.5V 


27 

21 

18 

MHz 




6.0V 

mi 

31 

24 

20 

MHz 

tPHL. tPLH 

Maximum Propagation 



55 

165 

206 

248 

ns 


Delay Clock or Clear to Output 


mi 

18 

33 

41 

49 

ns 





16 

28 

35 

42 

ns 

tREM 

Minimum Removal Time 



1 

5 

5 

5 

ns 


Clear to Clock 



1 

5 

5 

5 

ns 




6.0V 

1 

5 

5 

5 

ns 

ts 

Minimum Set Up Time 



42 

100 

125 

. 150 

ns 


Data to Clock 



12 

20 

25 

30 

ns 





10 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

1 

5 

5 

5 

ns 


Clock to Data 


4.5V 

1 

5 

5 

5 

ns 




6.0V 

1 

5 

5 

5 

ns 

tw 

Minimum Pulse Width 



35 

80 

106 

120 

ns 


Clock or Clear 


ml 

10 

16 

20 

24 

ns 





8 

14 

18 

20 

ns 

tTLH. tTHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

tfi tf 

Maximum input Rise and 


Esa 


l^si 

1000 

1000 

ns 


Fall Time 


Wl 



500 

500 

ns 





■ 


400 

400 

ns 

CpD 

Power Dissipation 

Capacitance (Note 5) 

(per package) 


136 




pF 

C|N 

Maximum Input 

Capacitance 



5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. arid the no load dynamic current consumption, 
ls=Cpo Vcc t+lcb- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 





MM54HC1 75/MM74HC1 75 
Quad D-Type Flip-Flop With Clear 


General Description 

This high speed D-TYPE FLIP-FLOP with complementary 
outputs utilizes microCMOS Technology, 3.5 micron silicon 
gate P-weli CMOS, to achieve the high noise immunity and 
low power consumption of standard CMOS integrated cir- 
cuits, along with the ability to drive 10 LS-TTL loads. 
Information at the D inputs of the MM54HC175/ 
MM74HC175 is transferred to the Q and Q outputs on the 
positive going edge of the clock pulse. Both true and com- 
plement outputs from each flip flop are externally available. 
All four flip flops are controlled by a common clock and a 
common CLEAR. Clearing is accomplished by a negative 
pulse at the CLEAR Input. All four Q outputs are cleared to a 
logical “0" and all four Q outputs to a logical “1." 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 15 ns 

■ Wide operating supply voltage range: 2-6V 

■ Low input current: <1 /xA maximum 

■ Low quiescent supply current: 80 ;iA maximum (74HC) 

■ High output drive current: 4 mA minimum (74HC) 



Connection Diagram 


Dual-ln-Llne Package 


Vcc 4Q 40 40 3D 30 30 CLOCK 



Truth Table 

(Each Flip-Flop) 


ID 2D 
TOP VIEW 

MM54HC175/MM74HC175 
54HC175 (J) 74HC175 (J,N) 


Inputs 

Outputs 

Clear 

Clock 

D 

Q 

Q 

L 

X 

X 

L 

H 

H 

T 

H 

H 

L 

H 

T 

L 

L 

H 

H 

L 

• X 

Qo 

Qo 


H = high level (steady state) 

L = low level (steady state) 

X = Irrelevant 

t = transition from low to high level 
Qo = the level of Q before the indicated 
steady-state input conditions were established 
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MM54HC175/74HC175 


Absolute Maximum Ratings (Notes i & 2) 

Operating Conditions 



Supply Voltage (Vec) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqijt) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin (ice) 

±50 mA 

MM74HC 

-40 

±85 

•c 

Storage Temperature Range (Tstg) 

-65°Cto ±150‘’C 

MM54HC 

-55 

±125 

°c 

Power Dissipation (Pd) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead Temperature (T l) (Soidering 1 0 seconds) 260'’C 

(tr.tf) Vcc=2.0V 


1000 

ns 



Vcc = 4.5 V 


500 

ns 

DC Electrical Characteristics (Note 4) 

Vcc = 6.0 V 


400 

ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'‘C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 









Typ 

1 

Guaranteed Limits | 


V|H 

Minimum High Level 



jm 

1 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

.V 






4.2 

4.2 

4.2 

^9 

V|L 

Maximum Low Level 


91 


0.3 

0.3 

0.3 

n 


Input Voltage 




0.9 

0.9 

0.9 

■■ 




6.0V 1 


1.2 

1.2 

1.2 

I V 

Vqh 

Minimum High Level 

V|N = V|H orV|L 

Mi 

I 




1^11 


Output Voltage 

|IoutI^20 fiA 


2.0 

1.9 

1.9 

1.9 

■I 




^g9 

4.5 

4.4 

4.4 

4.4 






6.0 

5.9 

5.9 

5.9 




V|N = V|H orViL 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

H 



|IoutI^ 5.2 mA 

6.0V 

5.7 

5.48 


5.2 

1 V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 

Mi 





■H 


Output Voltage 

|louTk20M 


0 

0.1 

0.1 

0.1 

BH 




9139 

0 

0.1 

0.1 

0.1 

n 




6.0V 

0 

0.1 

0.1 

0.1 

1 V 


• 

V|n = V|h or V|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

■ 



|IoutI^6-2 itiA 

6.0V 


0.26 

0.33 

0.4 

HI 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

1 

±1.0 

±1.0 

jliA 

Icc 

Maximum Quiescent 

V|N~ Vcc or GND 

6.0V 


8 

80 

160 

fiA 


Supply Current 

•OUT=0 fA 








Note 1: Absolute Meiximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J" package; —12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and VqJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V||_ occur at Vcc=5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.05V.) The worst case leakage current (Iin. 
Ice- and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl= 15 pF, tr = tf = 6 ns 


Symboi 

Parameter 

^MAX 

Maximum Operating 

Frequency 

tPHL. tpLH 

Maximum Propagation 

Delay, Clock to Q or Q 

*PHL. tpLH 

Maximum Propagation 

Delay, Reset to Q or Q 

tREC 

Minimum Removal 

Time, Clear to Clock 

ts 

Minimum Set Up Time, Data to Clock 

tH 

Minimum Hold Time, Data from Clock 

tw 

Minimum Pulse Width, Clock or Clear 



i Typ 

Guaranteed 

Limit 

Units 

60 

35 

MHz 

15 

25 

ns 

13 

21 

ns 


20 

ns 


20 

ns 


0 

ns 

m 

16 

ns 



AC Electrical Characteristics 

Vcc = 2.0\/ to e.OV, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) 


Ta=25X 


Typ 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 
Delay, Clock to Q or Q 

tpHL. tPLH 

Maximum Propagation 
Delay, Reset to Q or Q 

tREM 

Minimum Removal Time 
Clear to Clock 

ts 

Minimum Set Up Time 
Data to Clock 

tH 

Minimum Hold Time 

Data from Clock 

tw 

Minimum Pulse Width 
Clear or Clock 

tri tf 

Maxirhum Input Rise and 
Fall Time 

tTLH. tTHL 

Maximum 

Output Rise and 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 



74HC 

-40to05“C Ta = 


Guaranteed Limits 


54HC 

-55to125°C 


6 

5 

30 

24 

35 

28 

150 

190 

30 

38 

26 

32 

125 

158 

25 

32 

21 

27 

100 

125 

20 

25 

17 

21 

100 

125 

20 

25 

17 

21 

0 

0 

0 

0 

0 

0 

80 

100 

16 

20 

14 

17 

1000 

1000 

500 

500 

400 

400 

75 

95 

15 

19 

13 

16 




Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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NaHonal 

Semiconductor 


MM54HC181/MM74HC181 
Arithmetic Logic Units/Function Generators 

General Description 

These arithmetic logic units (AHJ)/function generators uti- If high speed is not of importance, a ripple-carry input (CJ 

lize microCMOS Technology, 3.5 micron silicon gate P-well and a ripple-carry output (Cn + 4) are available. However, 

CMOS. They possess the high noise immunity and low pow- the ripple-carry delay has also been minimized so that arith- 

er consumption of standard CMOS integrated circuits, as metic manipulations for small word lengths can be per- 

well as the ability to drive 10 LS-TTL loads. formed without external circuitry. 

The MM54HC181/MM74HC181 are arithmetic logic unit 
(ALU)/function generators that have a complexity of 75 F63tUr6S 

equivalent gates on a monolithic chip. These circuits per- ■ Full look-ahead for high-speed operations on 

form 16 binary arithmetic operations on two 4-bit words as long words 

shown in Tables 1 and 2. These operations are selected by ■ Arithmetic operating modes: 

the four function-select lines (SO, SI, S2, S3) and include Addition 

addition, subtraction, decrement, and straight transfer. Subtraction 

When performing arithmetic manipulations, the internal car- ^ ^ 

ries must be enabled by applying a low-level voltage to the ^hift operand a one position magnitude comparison 

mode control input (M). A full carry look-ahead scheme is Twelve other arithmetic operations 

made available in these devices for fast, simultaneous carry ■ Logic function modes; 

generation by means of two cascade-outputs (pins 15 and Exclusive-OR 

17) for the four bits in the package. When used in conjunc- Comparator 

tion with the MM54HC182 or MM74HC182, full carry look- AND, NAND, OR, NOR 

ahead circuits, high-speed arithmetic operations can be per- piiiq ten nthpr nnerAtinn^ 

Wd. The ™.hod of oascadina HC«2 circuits wiU, these . SeTpeX vo^ 

ALU’s to provide multi-level full carry look-ahead is illustrat- _ , a . 

ed under typical applications data for the MM54HC182/ , . . 

MM74HC182 " ‘ 1 >J'®scent current: 80 nA maximum 


PRELIMINARY 


microCMOS 



Connection Diagram 


Pin Designations 


Dual-ln-Line Package 


Designation 
A3, A2, A1.A0 
B3, B2, B1,B0 


Word A Inputs 
Word B Inputs 













MM54HC1 81 /MM74HC1 81 


54HC181 (J) 74HC181 (J,N) 
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MM54HC181/74HC181 


General Description (Continued) 

These circuits will accommodate active-high or active-low 
data, if the pin designations are interpreted as shown below. 
Subtraction is accomplished by 1’s complement addition 
where the 1’s complement of the subtrahend is generated 
internally. The resultant output is A — B — 1, which requires 
an end-around or forced carry to produce A — B. 

The 181 can also be utilized as a comparator. The A=B 
output is internally decoded from the function outputs (FO, 
FI, F2, F3) so that when two words of equal magnitude are 
applied at the A and B inputs, it will assume a high level to 
indicate equality (A = B). The ALU should be in the subtract 
mode with Cn=H when performing this comparison. The 
A = B output is open-drain so that it can be wire-AND con- 
nected to give a comparison for more than four bits. The 
carry output (Cn-1-4) can also be used to supply relative 
magnitude information. Again, the ALU should be placed in 
the subtract mode by placing the function select inputs S3, 
S2, SI, SO at L, H, H, L, respectively. 

These circuits have been designed to not only incorporate 
all of the designer’s requirements for arithmetic operations. 


but also to provide 16 possible functions of two Boolean 
variables without the use of external circuitry. These logic 
functions are selected by use of the four function-select in- 
puts (SO, SI, S2, S3) with the mode-control inpu (M) at a 
high level to disable the internal carry. The 16 logic func- 
tions are detailed in Tables 1 and 2 and include exclusive- 
OR, NAND, AND, NOR, and OR functions. 

ALU SIGNAL DESIGNATIONS 

The MM54HC181/MM74HC181 can be used with the signal 
designations of either Figure 1 or Figure 2. 

The logic functions and arithmetic operations obtained with 
signal designations as in Figure 1 are given in Table 1; those 
obtained with the signal designations of Figure 2 are given 
in Table 2. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Pin Number 

2 

1 

23 

22 

21 

20 

19 

18 

9 

10 

11 

13 

7 

16 

15 

17 

Active-High Data (Table 1) 

AO 

BO 

A1 

B1 

A2 

B2 

A3 

B3 

FO 

F1 

F2 

F3 


Cn-f 4 

X 

Y 

Active-Low Data (Table 1) 

AO 

BO 

A1 

B1 

A2 

B2 

A3 

B3 

FO 

F1 

F2 

F3 

Cn 

Cn-h4 

P 

G 


Input 

Cn 

Output 
Cn + 4 

Active-High Data 
(Figure 1) 

Active-Low Data 
(Figure 2) 

H 

H 

A^B 

A^B 

H 

L 

A>B 

A<B 

L 

H 

A<B 

A>B 

L 

L 


'A^B 


Table 1 


Selection 

Active High Data 

M = H 
Logic 
Functions 

M L; Arithmetic Operations | 

S3 

S2 

SI 

SO 

Cn = H (no carry) 

Cn = L(with carry) 

L 

L 

L 

L 

F = A 

F=A 

F=APIus1 

L 

L 

L 

H 

F=A + B 

F=A -f- B 

F=(A -f B) Plusi 

L 

L 

H 

L 

F=AB 

F=A -1- B 

F=(A + B) Plusi 

L 

L 

H 

H 

F=0 

F = Minus 1 (2’s CompI) 

F=Zero 

L 

H 

L 

L 

F=AB 

F=APIus AB 

F=A Plus AB Plus 1 

L 

H 

L 

H 

F=B 

F=(A -f B) PlusAB 

F=(A -t- B) PlusAB Plusi 

L 

H 

H 

L 

F=A © B 

F=A Minus B Minus 1 

F= A Minus B 

L 

H 

H 

H 

F=AB 

F = AB Minus 1 

F=AB 

H 

L 

L 

L 

F=A + B 

F= A PlusAB 

F= A PlusAB Plusi 

H 

L 

L 

H 

F=A © B 

F=APIusB 

F= A Plus B Plusi 

H 

L 

H 

L 

F=B 

F=(A -F B) PlusAB 

F=(A + B) PlusAB Plusi 

H 

L 

H 

H 

F=AB 

F=AB Minus 1 

F=AB 

H 

H 

L 

L 

F=1 

F= A Plus A* 

F= A Plus A Plusi 

H 

H 

L 

H 

F=A + B 

F=(A -I- B) Plus A 

F=(A -f B) Plus A Plusi 

H 

H 

H 

L 

F=A + B 

F=(A -I- B) Plus A 

F=(A -f B) Plus A Plusi 

H 

H 

H 

H 

F=A 

F=AMinus1 

F=A 


'Each bit is shifted to the next more significant position. 
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Table 2 


(7) 

( 8 ) 


( 2 ) ( 1 ) ( 23 ) ( 22 ) ( 21 ) ( 20 ) ( 19 ) ( 18 ) 



TL/F/5320-3 

Figure 2 


Selection 

Active Low Data 

M = H 
Logic 
Functions 

M = L; Arithmetic Operations 

S3 

S2 

SI 

SO 

Cn = L (no carry) 

Cn = H(with carry) 

L 

L 

L 

L 

F=A 

F=A Minus 1 

F = A 

L 

L 

L 

H 

F =AB 

F=AB Minus 1 

F = AB 

L 

L 

H 

L 

F = A + B 

F=AB Minus 1 

F = (AB) 

L 

L 

H 

H 

F = 1 

F = Minus 1 (2’s CompI) 

F = Zero 

L 

H 

L 

L 

F = A + B 

F=APIus(A + B) 

F = A Plus (A + B) Plus 1 

L 

H 

L 

H 

F=B 

F=AB Plus (A -f- B) 

F = ABPIus (A + B) Plusi 

L 

H 

H 

L 

F = A + B 

F = A Minus B Minus 1 

F = A Minus B 

L 

H 

H 

H 

F = A + B 

F = A + B 

F=(A + B Plusi 

H 

L 

L 

L 

F=AB 

F = APIus(A + B) 

F = A Plus (A + B) Plus 1 

H 

L 

L 

H 

F = A -f- B 

F = APIusB 

F = A Plus B Plus 1 

H 

L 

H 

L 

F=B 

F = AB Plus (A + B) 

F==AB Plus (A + B) Plusi 

H 

L 

H 

H 

F = A + B 

F = A + B 

F = (A + B) Plusi 

H 

H 

L 

L 

F = 0 

F = APIusA’ 

F = A Plus A Plus 1 

H 

H 

L 

H 

F = AB 

F = AB Plus A 

F = AB Plus A Plus 1 

H 

H 

H 

L 

F = AB 

F = AB Plus A 

F = AB Plus A Plus 1 

H 

H 

H 

H 

F = A 

F = A 

F = A Plusi 


•Each bit is shifted to the next more significant position. 


Number 

of 

Bits 

Typical 

Addition Times 

Package Count 

Carry Method 
Between 

ALU’s 

Arithmetic/ 
Logic Units 

Look Ahead 
Carry Generators 

1 to 4 

20 ns 

1 

0 

None 

5 to 8 

30 ns 

2 

0 

Ripple 

9 to 16 

30 ns 

3 or 4 

1 

Full Look-Ahead 

17 to 64 

'50 ns 

5 to 16 

2 to 5 

Full Look-Ahead 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

- 0.5 to + 7.0 V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc+1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

'C 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65‘’Cto +150'*C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 . 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

TA=-40to85°C 

54HC 

TA=-55to125X 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 



■ 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3:15 

V 




6.0V 1 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

V 


Input Voltage 



■ 


0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

VoH 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

|IoutI^20 fiA 

2.0V 

2.0 

1.9 

1.9 

/ 1.9 

V 


(any output except 


4.5V 

4.5 

4.4 

4.4 

4.4 

V 


A=B) 


6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HorV|L 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

•lkg 

Maximum Leakage 

V|N = V|H or V|L 

6.0V 

■ 

R|9| 

5.0 

10 

jxfii 


Open Drain Output Current 
(A =B Output) 

V0UT = VCC 


■ 

■ 




VoL 

Maximum Low Level 

V|N = ViH or V|L 

M 







Output Voltage 

|IoutI^20 jaA 


0 

0.1 

0.1 

0.1 

mM 




HI 

0 

0.1 

0.1 

0.1 

mm 




6.0V 

0 

0.1 

0.1 

0.1 




V|N = ViH orViL 
|IoutI^ 4.0 mA 

4.5V 


0.26 


0.4 

n 


, 

|IoutI^ 6.2 mA 

6.0V 


0.26 J 


0.4 

WM 

l|N 

Maximum Input ^ 

Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fifii 

Icc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

loUT^OpA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: —12 mW/°C from 65°C to SS'C; ceramic "J” package: -12 mW/°C from 
100°C to 125'’C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc=5V, Ta = 25°C, Cl=15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

<PHL. fpLH 

Maximum Propagation 
Delay From Cn to Cn + 4 

tPHL. fPLH 

Maximum Propagation 
Delay From any 

A or B to Cn + 4 

<PHL. tpLH 

Maximum Propagation 
Delay From any 

A or B to Cn + 4 

tpHL. tPLH 

Maximum Propagation 
Delay From Cn to any F 

fpHL. tPLH 

Maximum Propagation 
Delay From any 

A or B to G 

tpHL. tPLH 

Maximum Propagation 
Delay From any 

A or B to G 

tpHL. tPLH 

Maximum Propagation 
Delay From any 

A or B to P 

tPHL. tPLH 

Maximum Propagation 
Delay From any 

A or B to P 

fpHL. tPLH 

Maximum Propagation 
Delay From A| or B| to F| 

tpHL. tPLH 

Maximum Propagation 
Delay From A| or B| to F| 

tpHL. tPLH 

Maximum Propagation 
Delay From A| or B| to F| 

tPHL. 'PLH 

Maximum Propagation 
Delay From any 

AorBto A=B 



S1=S0 = 0V 
(Sum mode) 


M = 0V,S0 = S3 = 0V 
S1 = S2 = Vcc 
(Diff. mode) 


M = O V 
(Sum or 


Diff. mode) 


M = 0V, S0 = 
S3 = Vcc 
S1=S2 = 0V 


(Sum mode) 


M = 0V, SO= 
S3 = 0V 
Sjl = S2 = Vcc 
(Diff mode) 


M = 0V, S0= 
S3 = Vcc 
S1=S2 = 0V 


(Sum mode) 


M = 0V, S0= 
S3 = 0V 
^S2 = Vcc 
(Diff mode) 


M = OV, S0 = 
S3 = Vcc 

S1=S2 = 0V 


(Sum mode) 


^S2 = Vcc 
(Diff mode) 


S3 = 0V 
^S2 = Vcc 
(Diff mode) 


Typ 

Guaranteed 

Limit 

Units 

13 

20 

ns 

30 

i 

45 

ns 

35 

50 

ns 

13 

20 

ns 

14 

20 

ns 

18 

25 

ns 

17 

25 

ns 

17 

25 

ns 

28 

42 

ns 

32 

48 

ns 

32 

48 

ns 

36 

50 

ns 


1-161 


MI\/I54HC181/74HC181 









































































MM54HC181/74HC181 


AC Electrical Characteristics cl-so pf, tr= 

= tf= 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=-40 to 85°C 

54HC 

TA=-55to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 


2.0V 

55 

120 

160 

200 

ns 


Delay From Cn to Cn + 4 


4.5V 

17 

24 

30 

36 

ns 




6.0V 

14 

20 

25 

30 

ns 

tPHL. tPLH 

Maximum Propagation 

M = 0V. S0 = 

2.0V 

m 

250 

325 

375 

ns 


Delay From any 

S3 = Vcc 

4.5V 

Hi 

m 

50 

63 

75 

ns 


A or B to Cn+4 

S1=S2 = 0V 
(Sum mode) 

6.0V 


43 

53 

65 

ns 

tpHL. tPLH 

Maximum Propagation 

M = 0V, S0 = 

2.0V 

120 

280 

350 

420 

ns 


Delay From any 

S3 = 0V 

4.5V 

40 

56 

70 

84 

ns 


A or B to Cn + 4 

Sl^S2 = Vcc 
(Diff mode) 

6.0V 

35 

48 

60 

72 

ns 

tpHL. tpLH 

Maximum Propagation 

M = 0V 


55 

120 

160 

200 

ns 


Delay From Cp to any F 



17 

24 

30 

36 

ns 





14 

20 

25 

30 

ns 

tpHL. tpLH 

Maximum Propagation 

M = 0V, S0 = 

2.0V 

55 

120 

160 

''200 

ns 


Delay From any 

S3 = Vcc. 

4.5V 

17 

24 

30 

36 

ns 


A or B to G 

S1 = S2 = 0V 
(Sum mode) 

6.0V 

14 

20 

25 

30 

ns 

tpHL. tPLH 

Maximum Propagation 

M = 0V. S0 = 

2.0 V 

70 

150 

189 

224 

ns 


Delay From any 

S3 = 0V 

4.5V 

20 

30 

38 

45 

ns 


A or B to G 

S1 = S2 

6.0V 

17 

26 

32 

38 

ns 



(Diff mode) 







tPHL. tPLH 

Maximum Propagation 

M = 0V. S0 = 


70 

150 

189 

224 

ns 


Delay From any 

S3 = Vcc 


20 

30 

38 

45 

ns 


A or B to P 

S1 = S2 = 0V 


17 

26 

32 

38 

ns 



(Sum mode) 

im 






tPHL. tPLH 

Maximum Propagation 

M = 0V, S0 = 


70 

150 

189 

224 

ns 


Delay From any 

S3 = 0V 


20 

30 

38 ■ 

45 

ns 


A or B to P 

^S2 = Vcc 
(Diff mode) 

m 

17 

26 

32 

38 

ns 

tpHL. tpLH 

Maximum Propagation 

M = 0V, S0 = 

2.0V 

115 

240 

300 

360 

ns 


Delay From A| or B| to F| 

S3 = Vcc 

4.5V 

35 

48 

60 

72 

ns 



S1 = S2 = 0V 
(Sum mode) 

6.0V 

30 

41 

51 

61 

ns 

tpHL. tpLH 

Maximum Propagation 

M = 0V, S0 = 

2.0V 

HI 

275 

344 

344 

ns 


Delay From A| or B| to F| 

S3 = 0V 

4.5V 

mm 

55 

69 

83 

ns 



S_1_3S2 = Vcc 
(D iff mode) 

6.0V 

H 

47 

59 

69 

ns 

tpHL. tPLH 

Maximum Propagation 

M = Vcc 

2.0V 

120 

275 

344 

344 

ns 


Delay From A| or B| to F| 

(logic mode) 

4.5V 

40 

55 

60 

83 

ns 




6.0V 

34 

47 

59 

69 

ns 

tpHL. tpLH 

Maximum Propagation 

M = 0V, S0 = 


120 

280 

350 

420 

ns 


Delay From any 

S3 = 0V 

Hi 

m 

40 

56 

70 

84 

ns 


AorBtoA=B 

Sjl^S2 = Vcc 
(Diff mode) 


35 

48 

60 

72 

ns 

tTLH. tjHL 

Maximum Output Rise 


2.0V 

30 

7.5 

95 

110 

ns 


and Fall 


4.5V 

8 

15 

19 

22 

ns 


Time 


6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 







pF 

C|N 

Maximum Input 
Capacitance 


■ 

5 

10 

10 

10 

pF 

I Note 5: CpD determines the no load dynamic power consumption, Pq= 

= CpD Vcc® f+lcc Vcc. arid the no load dynamic current , consumption, 

Is-CpD VcC ^ + ICC- 








Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Parameter Measurement Information 



tpHL. •PLH 


tPHL. <PLH 


Logic Mode Test Table 

Function Inputs: SI = S2 = M = Vcci SO = S3 = 0 V 



Input 

Other Input 

Same Bit 

Other Data Inputs 

Output 

Output 

Waveform 

Parameter 

Under 

Test 

Apply 

Vcc 

Apply 

GND 

Apply 

Vcc 

Apply 

GND 

Under 

Test 

fpHL. fPLH 

A| 

B| 

None 

None 

Remaining 

A and B, Cn 

F| 

Out-of-Phase 

tpHL. tPLH 

B| 

A| 

None 

None 

Remaining 

A and B, Cn 

F| 

Out-of-Phase 


SUM Mode Test Table 

Function Inputs: SO = S3 = Vcc SI = S2 = M = 0 V 



Other Input 

Same Bit 

Other Data Inputs 

Apply 

Apply 

Apply 

Apply 

Vcc 

GND 

Vcc 

GND 




fPHL. fpLH 

A| 

B| 

None 

fpHL. fPLH 

B| 

A| 

Nona 

•PHL- IPLH 

A| 

None 

B| 

fPHL. fPLH 

B| 

None 

A| 

fpHL. IPLH 

Cn 

None 

None 

IPHL- IPLH 

A| 

None 

B| 

tPHL. tPLH 

Bi 

None 

A| 


Remaining 
A and B 


Remaining 

AandB 




Remaining 

B 


Remaining 

B 


Remaining 

B 


Remaining 

B 


Remaining 
A and B, Cn 


Remaining 
A and B, Cp 


Remaining 

A.Cn 


Remaining 

Ai Cn 


Remaining 

A,Cn 


Output 

Waveform 


In-Phase 


In-Phase 


In-Phase 


In-Phase 


In-Phase 


In-Phase 


In-Phase 


Out-of-Phase 


Out-of-Phase 



□Iff Mode Test Table 
Function Inputs: SI = S2=Vcci S0= 


= S3 = M = 0V 



Input 

Other Input 

Same Bit 

Other Data Inputs 

Parameter 

Under 

Test 

Apply 

Vcc 

Apply 

GND 

Apply 

Vcc 

Apply 

GND 

fPHL. tPLH 

A| 

None 

B| 

Remaining 

A 

Remaining 

B,Cn 

fPHL. fpLH 

B| 

A| 

None 

Remaining 

A 

Remaining 

B.Cn 

*PHL. fpLH 

A| 

None 

B| 

None 

Remaining 

A and B, Cn 

*PHL. *PLH 

Bi 

A| 

None 

None 

Remaining 

A and B, Cn 

•PHL. tPLH 

A| 

Bi 

None 

None 

Remaining 

A and B, Cn 

fpHL. tpLH 

B| 

None 

A| 

None 

Remaining 

A and B. Cn 

IPHL. IPLH 

A| 

None 

Bi 

Remaining 

A 

Remaining 

B.Cn 

•PHL. IPLH 

B| 

Ai 

None 

Remaining 

A 

Remaining 

B.Cn 

tpHL. *PLH 

Cn 

None 

None 

'ah 

A and B 

None 

fpHL. fpLH 

Ai 

B| 

None 

None 

Remaining 

A, B.Cn 

IPHL. <PLH 

B|. 

None 

A| 

None 

Remaining 

A, B,Cn 



Output 

Waveform 


In-Phase 


Out-of-Phase 


In-Phase 


Out-of-Phase 


In-Phase 


Out-of-Phase 


In-Phase 


Out-of-Phase 


In-Phase 


Out-of-Phase 


In-Phase 
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MM54HC181/74HC181 
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Ndtionsl 

Semiconductor 


PRELIMINARY 


MM54HC182/MM74HC182 
Look-Ahead Carry Generator 

General Description 

The MM54HC182/MM74HC182 is a high speed LOOK- 
AHEAD CARRY GENERATOR utilize microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS. It has the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

These circuits are capable of anticipating a carry across four 
binary adders or groups of adders. They are cascadable to 
perform full look-ahead across n-bit adders. Carry, gener- 
ate-carry, and propagate-carry functions are provided as 
shown in the pin designation table. 

When used in conjunction with the HC181 arithmetic logic 
unit, these generators provide high-speed carry look-ahead 
capability for any word length. Each HC182 generates the 
look-ahead (anticipated carry) across a group of four ALU’s 
and, in addition, other carry look-ahead circuits may be em- 
ployed to anticipate carry across sections of four look- 
ahead packages up to n-bits. The method of cascading cir- 
cuits to perform multi-level look-ahead is illustrated under 
typical application data. 


Connection Diagram Logic Diagram 



Carry input and output of the ALU’s are in their true form, 
and the carry propagate (P) and carry generate (G) are in 
negated form; therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead generators are 
implemented in the compatible forms for direct connection 
to the ALU. Reinterpretations of carry functions as ex- 
plained on the HC181 data sheet are also applicable to and 
compatible with the look-ahead generator. 

Features 

B TTL pinout compatible 
B Typical propagation delay: 18 ns (Clock to Q) 

0 Wide Operating Supply Voltage Range: 2-6V 

□ Low Input Current: < 1 /lA 

□ Low Quiescent Supply Current: 80 j^A maximum (74HC 
Series) 

Q Fanout of 10 LS-TTL Loads 
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MM54HC182/74HC182 








MM54HC182/74HC182 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (Tstg) 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (Tl) (Soldering 10 seconds) 

DC Electrical Characteristics (Note 4) 


Operating Conditions 


-0.5 to +7.0V 


Min 

Max 

Units 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vout) 




±25 mA 

Operating Temperature RangefTA) 




MM74HC 

-40 

+ 85 

'C 

± 50 mA 

MM54HC 

-55 

+ 125 

"C 

-65°Cto +150°C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

:onds) 260°C 

Vcc = 4.5V 


500 

ns 


Vcc = 6.0V 


400 

ns 






T= 

25“C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 


T= -40to 85°C 

T=-55 to125‘’C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 




■a 


1.5 

■■ 


Input Voltage 






3.15 

HI 






ml 


4.2 

HI 

V|L 

Maximum Low Level 


RRQI 

mu 


0.3 

0.3 

V 


Input Voltage 





0.9 


V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HOrVn. 








Output Voltage 

|louTl^20fiA 

Wm 

2.0 

1.9 

1.9 

1.9 

V 




QSi 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N-V|HorV|L 
|IoutN 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 








Output Voltage 

' |loUTk20 fxA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 


' 


6.0V 

0 

0.1 

0.1 

0.1 

V 


- 

. V|N = V|HOrV|L 
I'outI^ 4.0 mA 

4.5V 



— 

0.4 

V 



il0UTN5.2 mA 

6.0V 




0.4 

V 

l|N 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


+ 0.1 

±1.0 

±1.0 

JU.A 

Icc 

Maximum Quiescent 

ViN = Vrr. or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

iouT==o fA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: —12 mW/°C from BS'C to 85°C; ceramic "J" package: —12 mW/°C from 
100'’C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|i_ occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the O.OV values should be used. 

AC Electrical Characteristics vcc=5v, ta=25°c. cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tpHL. tPLH 

Maximum Propagation Delay - Pn to P 


16 

24 

ns 

tpHL. tPLH 

Maximum Propagation Delay - Cn to any output 


18 

27 

ns 

<PHL. tPLH 

Maximum Propagation Delay - Pn or Gn to any output 


23 

35 

ns 
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AC El6CtriC3l Ch3r3Ct6riStiCS Vcc=2.0V to e.ov, Cl=50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

tpHL- tpLH 

Maximum Propagation 

Delay 

Pn toP 

tpHL. tpLH 

Maximum Propagation 

Delay 

Cn to any output 

tpHL. tpLH 

Maximum Propagation 

Delay 

Pn or Gn to any output 

tlLH. tjHL 

Maximum Output Rise 
and Fall Tima 

Cpo 

Power Dissipation Capacitance 

C|N 

Maximum Input Capacitance 



Note 5: CpQ determines the no load dynamic power consumption, Po=CpD Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 

ls“CpD Vcc f + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Wavefornns and Test Circuits. 


Logic Equ3tions 

Cp + X “ GO PO ^n 

Cn + y = G1 + P1 G0+P1 PO Cn 

Cn + z = G2 + P2G1 + P2 P1 POCp 

G = G3 + P3 G2 + P3 P2 G1 + P3 P2 P1 GO 
P = P3 P2 P1 PO 


FUNCTION TABLE FOR G OUTPUT 


Cn+x=Y0 (XO + Cn) 

Cn+y=Y1 lX1 + Y0(X0 + Cn)J 

Cn + z=Y2 {X2 + Y1 1X1 +Y0 (XO+Cp)]! 

Y = Y3 (X3 + Y2) {X3 + X2 + Y1 ) (X3 + X2 + X1 + YO) 
X =X3 + X2 + X1+X0 


FUNCTION TABLE 
FOR P OUTPUT 


FUNCTION TABLE 


INPUTS 

OUTPUT 

G3 G2 G1 GO P3 P2 PI 

G 

L X X X X X X 

L 

X L X X L X X 

L 

XX L X L L X 

L 

X X X L L L L 

L 

All other combinations 

H 


INPUTS 

OUTPUT 

P3 P2 PI PO 

P 

L L L L 

L 

All other 
combinations 

H 


INPUTS 

OUTPUT 

So PO Cn 

Cn + x 

L X X 

H 

X L H 

H 

All other, 
combinations 

L 


FUNCTION TABLE 


FUNCTION TABLE FOR Cp + 2 OUTPUT 


INPUTS 

OUTPUT 

Q2 G1 GO P2 PI PO On 

Cn+z 

L X X X X X X 

H 

X L X L X X X 

H 

X X L L L X X 

H 

X X X L L L H 

H 

All other combinations 

L 


INPUTS 

OUTPUT 

G1 GO PI PO Cn 

Cn + y 

L X X X X 

H 

X L L X X 

H 

X X L L H 

H 

All other 


combinations 



H = high level L= low level X = irrelevant 

Any inputs not shown In a given table are Irrelevant with respect to that output. 


TypiC3l AppliC3tion 


64-BIT ALU, FULL-CARRY LOOK AHEAD IN THREE LEVELS 



j 00 PO Cn+. 


01 PI c„+, 





S 

TL/F/5321 -3 

A and B Inputs, and F outputs of 181 are not shown. 
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MM54HC190/74HC190 

MM54HC191/74HC191 


National 

Semiconductor 


MM54HC1 90/MM74HC1 90 Synchronous Decade 
Up/Down Counters with Mode Control 
MM54HC191/MM74HC191 Synchronous Binary 
Up/Down Counters with Mode Control 

General Description 

put. This feature allows the counters to be used as modulo- 
N dividers by simply modifying the count length with the 
preset inputs. 

Two outputs have been made available to perform the cas- 
cading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom- 
plish look-ahead for high-speed operation. 

Features 

■ Typical propagation delay 
Clock to output; 24 ns 

■ Typical operating frequency: 50 MHz 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 80 /nA maximum (74HC 
series) 

■ Low input current: 1 fiA maximum 

Connection Diagram 


Asynchronous inputs Low input to load sets Q* = A. 

DATA Qb Qa enable DOWN/ Qc Do GND Qb = B, Qq = C, and Qq = D 

B G UP 

TOP VIEW TL/F/5322 


Load 

Enable 

G 

Down/ 

Up 

Clock 

Function 

MM 

■■ 

L 

T 

Count Up 



H 

T 

Count Down 

■■ 


X 

X 

Load 

H 

H 

X 

X 

No Change 


Dual-ln-Llne Package 


DATA RIPPLE MAX/ DATA DATA 

Vcc A CLOCK CLOCK , MIN LOAD C 0 



These high speed synchronous counters utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con- 
sumption of CMOS technology, along with the speeds of 
low power Schottky TTL. 

These circuits are synchronous, reversible, up/down coun- 
ters. The MM54HC191/MM74HC191 are 4-bit binary coun- 
ters and the MM54HC190/MM74HC190 are BCD counters. 
Synchronous operation is provided by having all flip-flops 
clocked simultaneously, so that the outputs change simulta- 
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits 
counting. The direction of the count is determined by the 
level of the down/up input. When low, the counter counts up 
and when high, it counts down. 

These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in- 



PRELIMINARY 



microCMOS 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) - 

DC Input Voltage (V|n) -1.5 

DC Output Voltage (Vout) - 0.5 1 

Clamp Diode Current (I|k> Iqk) 

DC Output Current, per pin (Iqut) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (T stg) “ 65' 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (TJ (Soldering 10 seconds) 


-0.5 to +7.0V 
-1.5 to VCC + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-eS-C to ±150'’C 
500 mW 
ends) 260“C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

■cc 

Maximum Ouiescent 
Supply Current 



V|N = V|Hor V|L 
|IoutI^ 4.0 mA 
|IoutI^ 5.2 mA 


V|N = V|H orV|L 
|IoutI^20 ^A 


ViN = ViH orViL 
|IoutI^ 4.0 mA 
i'0UTi^5.2 mA 


V|N = VccorGND 6.0V 


IOUT = 0 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65“C to 85°C: ceramic "J” package: -12 mW/°C from 
100‘'C to 125°C. 

Note 4: For a power .supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5 V. Thus the 4,5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The Vm value at 5.5V Is 3.85V,) The worst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at th'e higher voltage and so the 6.0V values should be used. 
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MM54HC190/74HC190 

MIVI54HC191/74HC191 


AC EICCtriCSl Ch3r3CtGriStiCS TA=25'’C,Vcc=5.0V,tr=tf=6ns,CL=15pF (unless otherwise specified) 

Symbol 

Parameter 

From 

(Input) 

To 

(Output) 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fWAX 

Maximum Clock 

Frequency 




40 

25 

MHz 

tpLH. tpHL 

Propagation Delay Time 

Load 

Qa. Qb 

Qc. Qd 


30 

50 

ns 

*PLH. tPHL 

Propagation Delay Time 

Data A, 

b,c,d 

Qa. Qb 

Qc. Qd 


27 

40 

ns 

tPLH. tPHL 

Propagation Delay Time 

Clock 

Ripple 

Clock 


16 

24 

ns 

tPLH. tpHL 

Propagation Delay Time 

Clock 

Qa.Qb 

Qc. Qd 


24 

36 

ns 

tPLHt tpHL 

Propagation Delay Time 

Clock 

Max/Min 


KM 

50 

ns 

tpLH. tpHL 

Propagation Delay Time 

Down/Up 

Ripple 

Clock 


29 

45 

ns 

tpLH. tpHL 

Propagation Delay Time 

Down/Up 

Max/Min 


22 

33 

ns 

tPHL. tpLH 

Propagation Delay Time 

Enable 

Ripple Clock 


22 

33 

ns 

tW(CLOCK) 

Width of Clock, Clear or Load Input Pulse 




mm 

20 

ns 

tSETUP 

Data Setup Time 





20 

ns 

tHOLD 

Data Hold Time 





0 

ns 

AC ElGCtriC3l Ch3r3CtGriStiCS Vcc=2.0V to e.ov, Cl=50 pF tr=tf=6 ns (unless otherwise specified) 

Symbol 

Parameter 

From 

(Input) 

To 

(Output) 

Conditions 

Vcc 

Ta=25*C 

74HC 

Ta=- 40 to 85“C 

54HC 

Ta=- 55 to125'‘C 

Units 

Bn 

Guaranteed Limits 

^MAX 

Maximum Clock 
Frequency 




2.0V 

4.5V 

6.0V 

10 

38 

40 

4 

20 

23 

3 

15 

18 

2 

13 

15 

MHz. 

MHz 

MHz 

tpLH. tpHL 

Propagation Delay Time 

Load 

Qa. Qb 
Q c> Qd 


2.0V 

4.5V 

6.0V 

106 

32 

29 

290 

58 

49 

360 

72 

61 

435 

87 

73 

ns 

ns 

ns 

tPLH. tPHL 

Propagation Delay Time 

Data A, 
B, C,D 

Qa. Qb 
Q c. Qd 


2.0V 

4.5V 

6.0V 

93 

28 

25 

230 

46 

39 

290 

57 

49 

345 

69 

58 

ns 

ns 

ns 

tPLH. tPHL 

Propagation Delay Time 

Clock 

Ripple 

Clock 


2.0V 

4.5V 

6.0V 

62 

18 

16 

150 

30 

26 

190 

37 

32 

225 

45 

37 

ns 

ns 

ns 

tpLH. tPHL 

Propagation Delay Time 

Clock 

Qa. Qb 
Q c. Qd 


2.0V 

4.5V 

6.0V 

90 

27 

24 

220 

44 

37 

275 

55 

46 

330 

66 

56 

ns 

ns 

ns 

tpLH. tpHL 

Propagation Delay Time 

Clock 

Max/Min 


2.0V 

4.5V 

6.0V 

108 

33 

30 

290 

58 

49 

360 

72 

61 

435 

87 

73 

ns 

ns 

ns 

tPLH. tpHL 

Propagation Delay Time 

Down/Up 

Ripple 

Clock 


2.0V 

4.5V 

6.0V 

98 

30 

28 

265 

53 

45 

330 

66 

56 

398 

80 

68 

ns 

ns 

ns 

tpLH. tpHL 

Propagation Delay Time 

Down/Up 

Max/Min 


2.0V 

4.5V 

6.0V 

85 

25 

23 

200 

40 

54 

250 

50 

42 

300 

60 

51 

ns 

ns 

ns 

tPHL. tpLH 

Propagation Delay Time 

Enable 

Ripple 

Clock 


2.0V 

4.5V 

6.0V 

85 

25 

23 

200 

40 

34 

250 

50 

42 

300 

60 

51 

ns 

ns 

ns 

tw 

Width of Clock, Load 
or Clear Input Pulse 




2.0V 

4.5V 

6.0V 

■ 

100 

20 

17 

125 

25 

21 

150 

30 

25 

ns 

ns 

ns 

tSETUP 

Data Setup Time 


■ 


2.0V 

4.5V 

6.0V 

20 

10 

8 

100 

20 

17 

125 

25 

21 

150 

30 

25 

ns 

ns 

ns 
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AC Electrical Characteristics Vcc=2.0V to e.OV, Cl= 50 pF tr=tf = 6 ns (unless othenwise specified) 


Prnm Tn T ='>R»r 74HC 54HC 

(inpS) (Output) conditions Vcc Ta= - 40 to 85X Ta= - 55 to 125»C 


Symbol 

Parameter 

tH 

Data Hold Time 

‘tHL. tTLH 

Maximum Output 

Rise and Fall Time 

tr. tf 

Maximum Input Rise and 
Fall Time 

C|N 

Input Capacitance 

CpD 

Power Dissipation 
Capacitance (Note 5) 



Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls = CpQ Vcc • + lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagrams 


’HC190 Decade Counters 


DATA (1) 
INPUTS 



(13) RIPPLE 
CLOCK 

lUL MAX/MN 
OUTPUT 


DATA (9) 
*WTO” 


Pin (16) = Vcc.Pin(8) = GND 
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MM54HC190/74HC190 

MM54HC191/74HC191 











































MM54HC190/74HC190 

MM54HC191/74HC191 
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Timing Diagrams 


’HC190 Synchronous Decade Counters 
Typical Load, Count, and Inhibit Sequences 


LOAD 1 L r 



(1) Load (preset) to BCD seven 

(2) Count up to eight, nine, zero, one and two 

(3) Inhibit 

(4) Count down to one, zero, nine, eight, and seven 


’HC191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 



(1) Load (preset) to binary thirteen 

(2) Count up to fourteen, fifteen, zero, one, and two 

(3) Inhibit 

(4) Count down to one, zero, fifteen, fourteen, and thirteen 
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MM54HC1 90/74HC1 90 
MM54HC191/74HC191 





MM54HC192/74HC192 

MM54HC193/74HC193 


National 

Semiconductor 


microCMOS 


MM54HC192/MM74HC192 
Synchronous Decade Up/Down Counters 
MM54HC193/MM74HC193 
Synchronous Binary Up/Down Counters 

General Description 

These high speed synchronous counters utilize micro- Both a BORROW and 0/ 
CMOS Technology, 3.5 micron silicon gate P-well CMOS, to able cascading of both up 
achieve the high noise immunity and low power consump- BORROW output produce 
tion of CMOS technology, along with the speeds of low counter underflows and tl 
power Schottky TTL. The MM54HC192/MM74HC192 is a the counter overflows. Tf 
decade counter, and the MM54HC193/MM74HC193 is a bi- connecting the CARRY a 
nary counter. Both counters have two separate clock inputs, vice to the COUNT UP ar 
an UP COUNT input and a DOWN COUNT input. All outputs tively, of the next device, 
of the flip-flops are simultaneously triggered on the low to All inputs are protected 
high transition of either clock while the other input is held charge by diodes to Vcc i 
high. The direction of counting is determined by which input 
is clocked. FcatUrCS 

These counters may be preset by entering the desired data g| Typical propagation de 
on the DATA A, DATA B, DATA C, and DATA D inputs. glock to output: 20 ns 
When the LOAD input is taken low the data is loaded inde- - t • i t- r 
pendently of either clock input. This feature allows the coun- ' operating trequ 
ters to be used as divide-by-n counters by modifying the " power supply ran 
count length with the preset inputs. ■ Low quiescent supply 

In addition both counters can also be cleared. This is ac- series) 
complished by inputting a high on the CLEAR input. All 4 " Low input current: 1 p./ 

internal stages are set to a low level independently of either ■ 4 mA output drive 
COUNT input. 


Both a BORROW and CARRY output are provided to en- 
able cascading of both up and down counting functions. The 
BORROW output produces a negative going pulse when the 
counter underflows and the CARRY outputs a pulse when 
the counter overflows. The counters can be cascaded by 
connecting the CARRY and BORROW outputs of one de- 
vice to the COUNT UP and COUNT DOWN inputs, respec- 
tively. of the next device. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay. 

Clock to output: 20 ns 

■ Typical operating frequency: 27 MHz 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 80 fxA maximum (74HC 
series) 

■ Low input current: 1 jaA maximum 

■ 4 mA output drive 


Connection Diagram 

Dual-ln-Llne Package 

DATA 

Vcc A CLEAR BORROW CARRY 

I I I I I 


Truth Table 




Function 

Count Up 
Count Down 
Clear 
Load 


I 


H = High level 
L = Low level 

t = Transition from low-to-high 
X = Don’t care 


MM54HC192/MM74HC192 

MM54HC193/MM74HC193 

54HC1 92 ( J) 74HC1 92 (J,N) 
54HC193 (J) 74HC193 (J,N) 
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Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 

Min 

Max 

Units 

DC Input Voltage (Vim) 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 



DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

°c 

DC Vcc or GND Current, per pin (Icc) 

±50 mA 

MM54HC -55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-eS'Cto +150'’C 

Input Rise or Fall Times 



Power Dissipation (Pp) (Note 3) 

500 mW 

(tr.tf) Vcc = 2V 

1000 

ns 

Lead T emperature (T i) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 

500 

ns 



Vcc = 6.0V 

400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

TA=-55to125°C 

Units 









Typ 


Guaranteed Limits 


VlH 

Minimum High Level 


2.0V 

■ 

1.5 


1 

1.5 

n 


Input Voltage 


4.5V 


3.15 


3.15 





6.0V 


4.2 


4.2 


V|L 

Maximum Low Level 



■ 

mm 

0.3 

0.3 

n 


Input Voltage 


QJI 



0.9 

0.9 







1.2 

1.2 

1.2 

■■ 

Vqh 

Minimum High Level 

V|N = V|H orViL 








Output Voltage 

|IoutI^20 )iA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 . 

V 



V|N = V|HOrV|L 
1 IoutI^ 4.0 mA 


4.2 

3.98 

■■ 

3.7 

V 



jl0UTl^5.2 mA 

KIM 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 

M 







Output Voltage 

|IoutI^20 (xA 

MU 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 




V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 

0.26 


0.4 

H 



1IoutI^ 5.2 mA 

6.0V 


0.26 


0.4 

■1 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

Icc 


V|N“ Vcc O'” GND 

6.0V 


8.0 

80 

160 

)j,A 



IOUT = 0 p.A 








Note 1: Absolute Meiximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/'C from es'C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and Vm occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


MM54HC192/74HC192 

MM54HC193/74HC193 































































MM54HC192/74HC192 

MM54HC193/74HC193 


AC Electrical Characteristics 

Ta.= 25'’C, Vcc = 5.0V, tr=tf=6 ns Cl=15 pF (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

. 

Units 

^MAX 

Maximum Clock Frequency 

Count Up 

27 

20 

MHz 

Count Down 

31 

24 

MHz 

tpLH 

Maximum Propagation Delay 
Low to High 

Count Up to Carry 

17 

26 

ns 

tpHL 

Maximum Propagation Delay 
High to Low 

18 

24 

ns 

tpLH 

Maximum Propagation Delay 
Low to High 

Count Down to 



16 

24 

ns 

tpHL 

Maximum Propagation Delay 
High to Low 

Borrow 



15 

24 

ns 

tpLH 

Maximum Propagation Delay 
Low to High 

Count Up Or 

Down to Q 

28 

40 

ns 

tpHL 

Maximum Propagation Delay 
High to Low 

36 

52 

ns 

tpLH 

Maximum Propagation Delay 
Low to High 

Data or 

Load to Q 

30 

42 

ns 

tpHL 

Maximum Propagation Delay 
High to Low 

40 

55 

ns 

tpHL 

Maximum Propagation Delay 
High to Low 

Clear to Q 

35 

47 

ns 

tw 

Minimum Pulse Width 

Clear 

nil 

40 

20 

52 

26 

ns 

ns 

Load 

10 

20 

ns 



Count Up/Down 

15 

22 

ns 

tSD 

Minimum Setup time 

Data to Load 

10 

20 

ns 

tHD 

Minimum Hold Time 

-3 

0 

ns 

tpEM 

Minimum Removal Time 

Clear Inactive 
to Clock 


10 

ns 


AC Electrical Characteristics vcc = 2 . 0 V to aov. cl= so pf, tr=tf=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=25»C 

74HC 

Ta=-40 to 85'C 

54HC 

TA=-55to125'C 

Units 

Typ 

Guaranteed Limits 




2.0V 

5 

3 

2.5 

2 

MHz 



Count Up 

4.5V 

25 

18 

14 

12 

MHz 




6.0V 

29 

20 

16 

13 

MHz 






















2.0V 

5 

4 

3 

2 

MHz 



Count Down 

4.5V 

27 

20 

16 

11 

MHz 




6.0V 

31 

23 

18 

12 

MHz 

tPLH 

Maximum Propagation Delay 


2.0V 

30 

140 

175 

210 

ns 


Low to High 


4.5V 

13 

28 

35 

42 

ns 



Count Up 

6.0V 

11 

24 

30 

36 

ns 

tPHL 

Maximum Propagation Delay 

to Carry 

2.0V 

39 

130 

163 

195 

ns 


High to Low 


4.5V 

16 

26 

33 

39 

ns 




6.0V 

14 

22 

28 

33 

ns 
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AC Electrical Characteristics vcc = 2.0V to s.ov, cl= so pf. tr=tf=6 ns (continued) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=25'C 

74HC 

Ta= -40to85“C 

54HC 

Ta=- 55 tOl25'>C 

Units 

Typ 

Guaranteed Limits 

tpLH. tpHL 

Maximum Propagation Delay 

Count Down 

2.0V 

39 

130 

163 

195 

ns 



to Borrow 

4.5V 

16 

26 

33 

39 

ns 





6.0V 

14 

22 

28 

33 

ns 

tTLH. tTHL 

Maximum Output Rise 



2.0V 

30 

75 

95 

110 

ns 


and Fall Time 



4.5V 

8 

15 

19 

22 

ns 





6.0V 

7 

13 

16 

19 

ns 

tpLH 

Maximum Propagation Delay 



2.0V 

77 

215 

269 

323 

ns 


Low to High 



4.5V 

35 

43 

54 

, 65 

ns 



Count Up Or 

6.0V 

30 

37 

46 

55 

ns 

tf’HL 

Maximum Propagation Delay 

Down to Q 

2.0V 

95 

275 

344 

413 

ns 


High to Low 



4.5V 

45 

55 

69 

83 

ns 





6.0V 

38 

47 

59 

71 

ns 

tpLH 

Maximum Propagation Delay 



2.0V 

85 

230 

288 

345 

ns 


Low to High 



4.5V 

37 

46 

58 

69 

ns 



Data or 


6.0V 

30 

39 

49 

59 

ns 

tpHL 

Maximum Propagation Delay 

Load to Q 

2.0V 

102 

290 

363 

435 

ns 


High to Low 



4.5V 

47 

58 

73 

87 

ns 





6.0V 

39 

49 

.61 

74 

ns 

tpHL 

Maximum Propagation Delay 



2.0V 

85 

265 

331 

398 

ns 


High to Low 

Clear to Q 

4.5V 

42 

53 

66 

80 

ns 





6.0V 

38 

45 

56 

68 

ns 





2.0V 

119 

260 

325 

390 

ns 



Clear 

■HC192 

4.5V 

42 

52 

65 

78 

ns 





6.0V 

38 

45 

56 

68 

ns 





2.0V 

31 

100 

125 

150 

ns 



Load 


4.5V 

10 

20 

25 

30 

ns 

tvAi 

Minimum Pulse Width 



6.0V 

9 

17 

21 

26 

ns 














2.0V 

43 

110 

138 

165 

ns 



Count Up/Down 

4.5V 

17 

22 

28 

33 

ns 





6.0V 

15 

19 

24 

29 

ns- 





2.0V 

70 

130 

163 

195 

ns 



Clear 

'HC193 

4.5V 

21 

26 

33 

39 

ns 





6.0V 

19 

22 

28 

33 

ns 





2.0V 

30 

100 

125 

150 

ns 

tSD 

Minimum Setup Time 



4.5V 

10 

20 

25 

30 

ns 



To 


6.0V 

9 

17 

22 

25 

ns 



Load 



-30 

0 

0 

0 

ns 

'hd 

Minimum Hold Time 



4.5V 

-3 

0 

0 


ns 





6.0V 

-3 

0 

0 

0 

ns 

tREM 

Minimum Removal Time 

Clear Inactive 

339 

-20 

10 

10 

10 

ns 



to Clock 

4.5V 

-3 

10 

10 

10 

ns 





6.0V 

-2 

10 

10 

10 

ns 





2.0V 

nm 

500 

500 

500 

ns 

tfi 

Maximum Input Rise & Fall Time 



4.5V 


300 

300 

300 

ns 





6.0V 


200 

200 

200 

ns 

C|N 

Input Capacitance 



5 

wm 

10 

10 

KM 

CpD 

Power Dissipation Capacitance (Note 5) 



100 




bI 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ <+Icc Vcc. s^d the no load dynamic current consumption. 
ls=CpD Vcc t+Icc- 


Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC192/74HC192 

MM54HC193/74HC193 




























































































































MM54HC192/74HC192 

MM54HC193/74HC193 


Logic Diagrams 


MM54HC192 Synchronous 4*Bit Up/Down Decade Counter 


MMS4HC193 Synchronous 4-Bit Up/Down Binary Counter 




CAARY OUT OiN Oq 



CARRYOUT Din OD 
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Logic Waveforms 


'HC192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 






CLEAR PRESET 

Sequences: 

(1) Clear outputs to zero 

(2) Load (preset) to BCD seven. 

(3) Count up to eight, nine, carry, zero, one and two. 

(4) Count down to one, zero, borrow, nine, eight, and seven. 


’HC193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 



I 14 15 0 1 2 I I 1 0 15 14 ul 

U COUNT UP J 1^ COUNT DOWN M 


CLEAR PRESET 

Sequence: TL/F/5011-5 

(1 ) Clear outputs to zero. 

(2) Load (preset) to binary thirteen 

(3) Count up to fourteen, fifteen, carry, zero, one, and two. 

(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

Note A: Clear overrides load data, and count Inputs. 

Note B: When counting up, count-down input must be high; when counting down, count-up Input must be high. 
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MM54HC192/74HC192 

MM54HC193/74HC193 




MM54HC194/74HC194 



National 
Semiconductor 

MM54HC1 94/MM74HC1 94 

4-Bit Bidirectional Universal Shift Register 



microCMOS 


General Description 

This 4-bit high speed BIDIRECTIONAL SHIFT REGISTER 
utilizes microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS, to achieve the low power consumption and 
high noise immunity of standard CMOS integrated circuits, 
along with the ability to drive 10 LS-TTL loads. This device 
operates at speeds similar to the equivalent low power 
Schottky part. 

This BIDIRECTIONAL SHIFT REGISTER is designed to in-, 
corporate virtually all of the features a system designer may 
want in a shift register. It features parallel inputs, parallel 
outputs, right shift and left shift serial inputs, operating 
mode control inputs, and a direct ovem'ding clear line. The 
register has four distinct modes of operation; PARALLEL 
(broadside) LOAD; SHIFT RIGHT (in the direction Qa 
toward Qo): SHIFT LEFT; INHIBIT CLOCK (do nothing). 
Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, SO 
and SI, high. The data are loaded into their respective flip 
flops and appear at the outputs after the positive transition 
of the CLOCK input. During loading, serial data flow is inhib- 
ited. Shift right is accomplished synchronously with the ris- 
ing edge of the ciock pulse when SO is high and SI is low. 


Serial data for this mode is entered at the SHIFT RIGHT 
data input. When SO is low and SI is high, data shifts left 
synchronously and new data is entered at the SHIFT LEFT 
serial input. Clocking of the flip fiops is inhibited when both 
mode control inputs are low. The mode control inputs 
should be changed only when the CLOCK input is high. 
The 54HC/74HC logic family is functionaliy as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical operating frequency: 45 MHz 

■ Typical propagation delay: ns (Clock to Q) 

■ Wide operating supply voltage range: 2-6\/ 

■ Low input current: 1 fiA maximum 

■ Low quiescent supply current: 160 juA maximum 
(74HC series) 

■ Fanout of 10 LS-TTL loads 


Connection Diagram Dual-ln-Llne Package 

Vcc Qa Qb Qc Qd clock si so 


Its 

15 

14 

13 

12 

11 


9 













Qa Qb Qq Qq ^ si 

^ " CLOCK 

CLEAR SO 

R A B C 0 L 

- 











1 

2 

3 

4 

5 

6 

7 



CLEAR shift A B C D SHIFT GND 

RIGHT . II LEFT 

SERIAL PARALLEL INPUTS SERIAL 

INPUT INPUT TL/F/5323-1 

MMS4HC194/MM74HC194 


54HC194(J) 74HC194(J,N) 

Function Tabie 


Inputs 

Outputs 


ITffH 

Clock 

Serial 

Parallel 

Qa Qb Oc Qd 

Clear 


Left Right 

A B C D 

L 

X 

X 

X 

X 

X 

X X X X 

L L L L 

H 

X 

X 

L 

X 

X 

X X X X 


H 

H 

H 

T 

X 

X 

abed 

abed 

H 

L 

H 

T 

X 

H 

X X X X 

H QAn Qbo Qcn 

H 

L 

H 

t 

X 

L 

X X X X 

L Qah Qsn Qcn 

H 

H 

L 

T 

H 

X 

X X X X 

Qsn Qcn Qon H 

H 

H 

L 

t 

L 

X 

X X X X 

Qen Qcn Qon L 

H 

L 

L 

X 

X 

X 

X X X X 



H "= high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

T = transition from low to high level 

a, b, 0 , d the level of steady-state input at inputs A, B, C, or D, 
respectively. 

Qao. Qbo- Qco. Qdo = level of Q*. Qg, Qc, or Qq, respectively, 
before the Indicated steady-state input conditions were established. 
QAn. ClBn. Qcn- Opn = **10 level Of Qa, Qb. Qc. respectively, before 
the most-recent T transition of the clock. 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) -1.5, 

DC Output Voltage (Vout) -0.5' 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (T stg) - 65' 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (TJ (Soldering 10 seconds) 


-0.5 to +7.0V 
-1.5,to Vcc + 1.5 V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150*C 
500 mW 
onds) 260‘’C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
dr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0 V 


DC Electrical Characteristics (Note 4) 





Maximum Low Level 
Input Voltage 


Minimum High Level V|n = V|h or V|l 
O utput Voltage I IqutI ^ 20 p,A 


V|N = V|H orViL 
|IoutI^ 4.0 mA 
ilouTi^5.2 mA 


Maximum Low Level V|N=V|HorV|L 
Output Voltage llourl ^ 20 /lA 


V|N = V|HorViL 
1IoutI'^ 4.0 mA 

I >01)71^5.2 mA 



l|N 

Maximum Input 
Cuirent 

V|N=Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

jxA 

•cc 

Maximum Quiescent 
Supply Current 

V|N — Vcc or GND 
IOUT = 0 M 

6.0V 


1 8.0 

j 

80 

160 

fiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from SS’C to 85°C; ceramic "J" package: -12 mW/°C from 
lOO'C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. ^4 Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vil occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC194/74HC194 


AC Electrical Characteristics vcc=5v, ta=25'’c. cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 
Frequency 


50 

35 

MHz 

tPHL. tpLH 

Maximum Propagation 
Delay, Clock to Q 


17 

24 

ns 

tpHL 

Maximum Propagation 
Delay, Reset to Q 


19 

25 

ns 

♦rem 

■iMM 


■ 

5 

ns 

ts 

Minimum Set Up Time 
(A, B,C,Dto Clock) 


■ 

20 

ns 

ts 

Minimum Set Up Time 
Mode Controls to Clock 



20 

ns 

tw 

Minimum Pulse Width 
Clock or Reset 


9 

16 

ns 

tH 

Minimum Hold Time 

Any Input 


-3 

0 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'’C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

fMAX 

Maximum Operating 


2.0V 

10 

6 

5 

4 



Frequency 


4.5V 

45 

30 

24 

20 

MHz 




6.0V 

50 

35 

28 

24 

MHz 

tpHL. tpLH 

Maximum Propagation 


2.0V 

WM 

145 

183 

216 

ns 


Delay, Clock to Q 


4.5V 

19 

29 

37 

45 

ns 




6.0V 

■9 

25 

31 

37 

ns 

tPHL 

Maximum Propagation 


2.0V 

80 

150 

189 

216 

ns 


Delay, Reset to Q 


4.5V 

15 

30 

37 

45 

ns 




6.0V 

12 

26 

31 

37 

ns 

tTHL. tTLH 

Maximum Output Rise 


2.0 V 

30 

75 

95 

110 

ns 


and Fail Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

tREM 

Minimum Removal Time 


2.0V 


5 

5 

5 

ns 


Reset Inactive to Clock 


4.5V 


5 

5 

5 

ns 




6.0V 


5 

5 

5 

ns 

ts 

Minimum Set Up Time 


2.0V 

■■■ 

100 

125 

150 

ns 


(A, B, C, or D to Clock) 


4.5V 


20 

25 

30 

ns 




6.0V 


17 

21 

25 

ns 

ts 

Minimum Set Time 


2.0V 

■jH 

100 

125 

150 

ns 


Mode Controls to Clock 


4.5V 


20 

25 

30 

ns 




6.0V 


17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

-10 

0 

0 

0 

ns 


Any Input 


4.5V 

-3 

0 

0 

0 

ns 




6.0V 

-3 

0 

0 

0 

ns 

tw 

Minimum Pulse Width 


2.0V 

30 

80 

100 

120 

ns 


Clock or Reset 


4.5V 

89 

16 

20 

24 

ns 




6.0V 

8 

14 

18 

20 

ns 

tr.tf 

Maximum Input Rise and 


2.0V 


1000 

1000 

1000 

ns 


Fall Time 


4.5V 


500 

500 

500 

ns 




6.0V 


400 

400 

400 

ns 

CpD 

Power Dissipation 







pF 


Capacitance (Note 5) 


m 






C|N 

Meiximum Input 



5 

10 

10 

10 

pF 


Capacitance 








1 Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ ^+Icc ^cc> and the no load dynamic current consumption, 

IS = CpD Vcct + ICC- 







Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC195/74HC195 


National 

Semiconductor 


microCMOS 


MM54HC195/MM74HC195 4-Bit Parallel Shift Register 


General Description 


The MM54HC195/MM74HC195 is a high speed 4-bit SHiFT 
REGiSTER utilizes microCMOS Technology, 3.5 micron sili- 
con gate P-well CMOS, to achieve the low power consump- 
tion and high noise immunity of standard CMOS integrated 
circuits, along with the ability to drive 10 LS-TTL loads at LS 
type speeds. 

This shift register features parallel inputs, parallel outputs, J- 
K serial inputs, SHIFT/LOAD control input, and a direct 
overriding CLEAR. This shift register can operate in two 
modes: Parallel Load; Shift from Qa towards Qq. 

Parallel loading is accomplished by applying the four bits of 
data, and taking the SHI FT/ LOAD control input low. The 
data is loaded into the associated flip flops and appears at 
the outputs after the positive transition of the clock input. 
During parallel loading, serial data flow is inhibited. Serial 
shifting occurs synchronously when the SHIFT/LOAD con- 
trol input is high. Serial data for this mode is entered at the 
J-R inputs. These inputs allow the first stage to perform as a 
J-K or TOGGLE flip flop as shown in the truth table. 


Connection Diagram I 

Dual-ln-Line Package 

OUTPUTS ^ 

> SHIFT/ 

vcc Qa Ob Qc Od Op clock load 

|l6 |l5 |l4 |l3 |l2 in |lO Is 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical operating frequency; 45 MHz 

■ Typical propagation delay: 16 ns (Clock to Q) 

■ Wide operating supply voltage range; 2-6V 

■ Low input current: 1 p,A maximum 

■ Low quiescent current; 80 fxA maximum (74HC series) 

■ Fanout of 10 LS-TTL loads 


Logic Diagram 


Qa Ob Oc Oo Od 





SERIAL INPUTS PARALLEL INPUTS 


MMS4HC1 95/MM74HC1 95 
54HCig5(J) 74HC195(J,N) 


Function Table 


Inputs 
I Ssrial 


R |a B C D 


Qa Ob Oc Oo do 


XXXXXL L L L H 
Xabcda b c d 3 
X X X X X Qao Qbo Oco Ooo ®do 

H X X X X Qao Qao Qsn Qcn gcn 

L X X X X L Qao Qbr Qcn Sen 

H X X X X H Qar Qsn Qcn So 

L X X X X Oar Oar Obr Ocr Qcr 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input including transitions) 
t = transition from low to high level 
a, b, c, d = the level of steady-state input at inputs A, B, C, 
or D, respectively. 

Qao> Qbo> Qco> Qpo ~ Itie level of Qa, Qb, Qc, or Qo, 
respectively, before the indicated steady-state input condi- 
tions were established. 

Qar, Qbr, Qcr = *•1® l®vel of Qa, qb, Qc, respectively, 
before the most-recent transition of the clock. 


1-184 





Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current {I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1-5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150‘'C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Conditions 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0 V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VoH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

■in 

Maximum Input 
Current 

■cc 

Maximum Quiescent 
Supply Current 



V|N = V|H or V|L 
1Iout 1^4.0 mA 
110011^5.2 mA 


V|N = V|H or ViL 
llouil^SOfxA 


V|N = V|H or ViL 
|IoutI^ 4.0 mA 
hoUTi^5.2 mA 


V|N = VccorGND 6.0V 


'OUT^O pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: —12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vqu) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vin and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The Vm value at 5.5V Is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC195/74HC195 


AC Electrical Characteristics vcc=5v, ta=25"c, cl=i5 pf. tr=t,=6 ns 


Symboi 

Parameter 

fwAX 

Maximum Operating Frequency 

tpHL. tPLH 

Maximum Propagation Delay, Clock to Q 

tpHL 

Maximum Propagation Delay, Reset to Q 

tpEM 

Minimum Removai Time, Shift/Load to Ciock 

tREM 

Minimum Removal Time, Reset inactive to Ciock 

ts 

Minimum Set Up Time, (A, B, C, D, J, K to Ciock) 

ts 

Minimum Set Up Time, Shift/ Load to Clock 

tw 

Minimum Puise Width Clock or Reset 

tH 

Minimum Hold Time, any Input except Shift/Load 


Conditions 


Guaranteed Limit 


30 


24 


25 


0 


5 


20 


20 


16 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


T. = 25»C 

•A TA=-40to85X Ta = 


Symbol 

Parameter 

fWAX 

Maximum Operating 
Frequency 

tpHL 

Maximum Propagation 

Delay, Reset to Q 

tpHL. tPLH 

Maximum Propagation 

Delay, Clock to Q 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

tREM 

Minimum Removal Time, 

Shift Load to Clock 

tREM 

Minimum Removal Time, 
Reset Inactive to Clock 

ts 

Minimum Set Up Time, 
(A,B,C,D,J, KtoClock) 

ts 

Minimum Set Up Time, 

Shift/ Load to Clock 

tH 

Minimum Hold Time 

Any Input except Shift/ Load 

tw 

Minimum Pulse Width, 

Clock or Reset 

tr. t, 

Maximum Input Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 


Conditions Vcc 


54HC 

-55 to125'C 


Guaranteed Limits 


50 35 


0 145 

5 29 
2 25 


30 75 

8 15 

7 13 


100 

125 

150 

ns 

20 

25 

30 

ns 

17 

21 

25 

ns 

100 

. 125 

150 

ns 

20 

25 

30 

ns 

17 

21 

25_ 

ns 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Timing Diagram 
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MM54/74HC221A 



National 

Semiconductor 



MM54HC221A/MM74HC221A 

Dual Non-Retriggerable Monostable Multivibrator 


General Description 

The MM54/74HC221A high speed monostable multivibra- 
tors (one shots) utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. They feature speeds comparable 
to low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir- 
cuits. 

Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC221A can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 

The ’HC221A is a non-retriggerable, and therefore cannot 
be retriggered until the output pulse times out. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply: PW=(Rext) (Cext): where PW 


is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vcc and ground. 

Features 

■ Typical propagation delay: 40 ns 

■ Wide power supply range: 2V-6V 

■ IjOw quiescent current: 80 fiA maximum (74HC series) 

■ Low input current: 1 fiA maximum 

■ Fanout of 10 LS-TTL loads 

■ Simple pulse width formula T = RC 

■ Wide pulse range: 400 ns to (typ) 

■ Part to part variation: ±5% (typ) 

■ Schmitt Trigger A & B inputs enable infinite signal input 
rise or fall times 


Connection Diagram 

Dual-ln-Llne Package 

Rb(ti 



Cot 


TOP VIEW 

MM54HC221A/MM74HC221A 


TL/F/5206-1 


Timing Component 


Wee 



TO Cbct to r/Cext 
TERMINAL TERMINAL 


TL/F/520e-2 


S4HC221A(J) 74HC221A(J,N) 


Truth Tabie 


Inputs 

Outputs 

Clear 

A 

B 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

T 

XL 

TX 

H 

4. 

H 

XL 

TX 

T 

L 

H 

XL 

TX 


H = High Level 
L = Low Level 

• T = Transition from Low to High 
4, = Transition from High to Low 
-TL = One High Level Pulse 
TX = One Low Level Pulse 
X = Irrelevant 


1-188 





Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5V to + 7.0V 

DC Input Voltage (V|n) -1.5V to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5V to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (I out) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°Cto T-ISO^C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 

DC Electrical Characteristics (Note 4) 


Conditions 


Operating Conditipns 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Maximum Input Rise and Fall 
Time (Clear Input) 

Vcc = 2.0 V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 

Input Voltage 

V|L 

Maximum Low Level 

Input Voltage 

Vqh 

Minimum High Level 

Output Voltage 

Vol 

Maximum Low Level 

Output Voltage 

■in 

Maximum Input Current 
(Pins 7, 15) 

■in 

Maximum Input Current 
(All other pins) 

Icc 

Maximum Quiescent Supply 
Current (Standby) 

Icc 

Maximum Active Supply 
Current (per 
monostable 



Ta=25X 


Typ 


74HC 54HC 

Ta = - 40 to 85X Ta = - 55 to 1 25X 


Guaranteed Limits 


2.0 1.9 

4.5 4.4 

6.0V I 6.0 5.9 


V|N = V|HorV|L 
|Iout 1^4.0 mA 
110011^5.2 mA 


ViN = V|HOrViL 
|IoutI^20 iiA 


0 
0 

6.0V I 0 


V|N = V|H orV|L 
|IoutI^ 4.0 mA 
110011^5.2 mA 


V|N~VccorGND 6.0V 


V|N = VccorGND 6.0V 


V|t\i = VccorGND 6.0V 
Iout=6 mA 


V|N = VccorGND 2.0V 36 80 

R/Cext = O.SVcc 4.5 V 0.33 1.0 

6.0V 0.7 2.0 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. and Vol) occur for HC at 4.5\/. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V|h and V|l occur at Vcc=5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst-case leakage current 
(I|N. Icc- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC221A 


AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf. tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpLH 

Maximum Trigger Propagation 

Delay A, B or Clear to Q 


22 

36 

ns 

tpHL 

Maximum Trigger Propagation 

Delay A, B or Clear to Q 


25 

42 

ns 

tpHL 

Maximum Propagation Delay Clear to Q 


o 

31 

ns 

tpLH 

Maximum Propagation Delay Clear to Q 



33 

ns 

tw 

Minimum Pulse Width A, B or Clear 


D 

26 

ns 

tpEM- 

Minimum Clear Removal Time 



0 

ns 

tWQ(MIN) 

Minimum Output Pulse Width 

Q. C 
CO 

CM CV 

II II 

UJ UJ 

o cr 

400 


ns 

. two 

Output Pulse Width 

Cext~'I 000 pF 

10 


flS 


AC Electrical Characteristics Cl=50 pF tr=tf=6 ns(unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

Ta=- 40 to85°C 

54HC 

TA=-55tOl25°C 

Units 


Guaranteed Limits 

fpLH 

Maximum Trigger Propagation 


2.0V 

77 

169 

194 

210 

ii 


Delay A, B or Clear to Q 


4.5V 

26 

42 

51 

57 

11 




6.0V 

21 

32 

39 

44 

ns 

tPHL 

Maximum Trigger Propagation 


2.0V 

88 

197 

229 

250 

ns 


Delay A, B or Clear to Q 


4.5V 

29 

48 

60 

67 

ns 




6.0V 

24 

38 

46 

51 

ns 

fPHL 

Maximum Propagation 


2.0V 

54 

114 

132 

143 

ns 


Delay Clear to Q 


4.5V 

23 

34 

41 

45 

ns 




6.0V 

19 

28 

33 

36 

ns 

*PLH 

Maximum Propagation 


2.0V 

56 

116 

135 

147 

ns 


Delay Clear to Q 


4.5V 

25 

36 

42 

46 

ns 




6.0V 

20 

29 

34 

37 

ns 

tw 

Minimum Pulse Width 


2.0V 

57 

123 

144 

157 

ns 


A, B, Clear 


4.5V 

17 

30 

37 

42 

ns 




6.0V 

12 

21 

27 

30 

ns 

tpEM 

Minimum Clear 


2.0V 

■ 

H 

0 

0 

ns 


Removal Time 


4.5V 


H 

0 

0 

ns 




6.0V 

■ 

D 

0 

0 

ns 

tjLH. tjHL 

Maximum Output 


2.0V 

30 

75 

95 

110 

ns 


Rise and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

tWQ(MIN) 

Minimum Output 

CexT= 28 pF 

2.0V 

1.5 

■ 



p.S 


Pulse Width 

REXT=2kn 

4.5V 

450 

■ 



ns 



REXT=6kn(Vcc=2V) 

6.0V 

380 

■ 



ns 

two 

Output Pulse Width 

CexT=0-1 fF 

Min 

4.5V 

1 




ms 

■ 


REXT~tO kfl 




m 








IS 

1 

m 



ms 

C|N 

Maximum Input 



12 

20 

20 

20 

pF 


Capacitance (Pins 7 & 15) 








C|N 

Maximum Input 



6 

10 

10 

10 

pF 


Capacitance (Other Inputs) 
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MM54/74HC221A 


TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the monostable Is in the quiescent state with 
the Q output low, and the timing capacitor Cext completely 
charged to Vcc- When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Vcc) o valid trig- 
ger is recognized, which turns on comparator C1 and N- 
Channel transistor N1 ®. At the same time the output latch 
is set. With transistor N1 on, the capacitor Cext rapidly dis- 
charges toward GND until Vrefi is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator Cl then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca- 
pacitor Cext begins to charge through the timing resistor, 
Rext. toward Vcc- When the voltage across Cext equals 
Vref2. comparator C2 changes state causing the output 
latch to reset (Q goes low) while at'the same time disabling 
comparator C2. This ends the timing cycle with the monosta- 
ble in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Vcc®- The ’HC221 can also be triggered when clear 
goes from GND to Vcc (while A is at Gnd and B is at 
Vcc®-) 

It should be noted that in the quiescent state Cext 'S ^ully 
charged to Vcc causing the current through resistor Rext 


to be zero- Both comparators are “off” with the total 
device current due only to reverse junction leakages. An 
added feature of the ’HC221 is that the output latch is set 
via the input trigger without regard to the capacitor volt- 
age. Thus, propagation delay from trigger to Q is indepen- 
dent of the value of Cext. Rext. or tbe duty cycle of the 
input waveform. 

The ’HC221 is non-retriggerable and will ignore input tran- 
sitions on A and B until it has timed out ® and ® . 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ®. When 
the voltage on the capacitor reaches VpEF2> tbe reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 



1000p 0.01;x 0.1/i 

TIMING CAPACITOR (F) 


Typical Distribution of Output 
Pulse Width, Part to Part 



0.9Z 0.96 1.00 1.04 1.06 

OUTPUT PULSE WIDTH (ms) 


Typical 1ms Pulse Width 



1 2 3 4 5 6 7 

POWER SUPPLY (V) 


TL/F/5206-7 


TL/F/5206-8 


TL/F/5206-9 



Minimum Rext vs. 



2 3 4 5 6 

POWER SUPPLY (V) 


TL/F/5206-10 

Note: R and C are not subjected to temperature. The C is polypropolyne. 


Typical 1 ms Pulse Width 
Variation vs. Temperature 



-55 -15 25 65 105 125 

TEMPERATURE ('C) 

TL/F/5206-11 
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National 

Semiconductor 


MM54HC237/MM74HC237 

3-to-8 Line Decoder With Address Latches 


microCMOS 


General Description 

These devices utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to implement a three-to-eight line 
decoder with latches on the three address inputs. When SU 
goes from low to high, the address present at the select 
inputs (A, B and C) is stored in the latches. As long as SL 
remains high no address changes will be recognized. Out- 
put enable controls, G1 and G2, control the state of the 
outputs independently of the select or latch-enable inputs. 
All of the outputs are low unless G1 is high and G2 is low. 
The ’HC237 is ideally suited for the implementation of glitch- 
free decoders in stored-address applications in bus oriented 
systems. 


The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide supply range: 2-6V 

■ Latched inputs for easy interfacing. 

■ Fanout of 10 LS-TTL loads. 
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MM54HC237/74HC237 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqijt) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + ISO^C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T J (Soldering 1 0 seconds) 260'’C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature RangefTA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0 V 

Vcc = 4.5 V 
Vcc = 6.0 V 


Max 

Units 

6 

V 

Vcc 

V 

+ 85 

'C 

+ 125 

‘C 

1000 

ns 

500 

ns 

400 

ns 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25'’C 

74HC 

Ta=-40 to 85'C 

54HC 

Ta=- 55 to125'C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 


QSi 


3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V,L 

Maximum Low Level 




0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 


0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N=V|H or V|L 

Mi 







Output Voltage 

I■OUTI^20 jxA 

mi 

2.0 

1.9 

1.9 

1.9 

V 




ISi 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|louTk4.0mA 


4.2 

3.98 


3.7 

V 



l■oUTl^5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H or V|L 

Mi 







Output Voltage 

|loUTk20 )xA 


0 

0.1 

, 0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orV|L 
|IoutI^ 4.0 mA 

B 

0.2 

0.26 

0.33 

0.4 

V 



||outI^ 5.2 mA 


0.2 

0.26 

0.33 

0.4 

V 

■in 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

p.A 

■cc 

Maximum Quiescent 

V|N = Vnr; or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

Iout=o fA 








Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N” package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf, tr=t,=6 ns 


Conditions Typ 


Symboi 

Parameter 

tpLH 

Maximum Propagation Delay A, B or C to any Y Output 

tpLH 

Maximum Propagation Delay A, B or C to any Y Output 

tPLH 

Maximum Propagation GL to any Y Output 

fpHL 

Maximum Propagation Delay GL to any Y Output 

fPLH 

Maximum Propagation Delay G1 or G2 to Output 

tPHL 

Maximum Propagation Delay G1 or G2 to Output 

ts 

Minimum Set Up Time at A, B and C inputs 

tH 

Minimum Hold Time at A, B and C inputs 

tw 

Minimum Pulse Width of Enabling Pulse at GL 



Guaranteed 

Limit 

Units 

41 

ns 

32 

ns 

44 

ns 

33 

ns 

35 

ns 

25 

ns 

20 

ns 

0 

ns 

16 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symboi 

Parameter 

^PLH 

Maximum Propagation 

Delay, A, B or C to any Y Output 

tpLH 

Maximum Propagation 

Delay, A, B or G to any Y Output 

tpLH 

Maximum Propagation 

GL to any Y Output 

tpHL 

Maximum Propagation Delay 

GL to any Y Output 

tpLH 

Maximum Propagation 

Delay, G1 or G2 to Output 

tpHL 

Maximum Propagation 

Delay G1 or G2 to Output 

ts 

Minimum Set Up Time 
at A, B and C Inputs 

tH 

Minimum Hold Time 
at A, B and C Inputs 

tw 

Minimum Pulse Width 
of Enabling Pulse at GL 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 

Capacitance (Note 5) 

C|N 

Maximum Input 

Capacitance 




Ta= 

25X 

74HC 

Ta=- 40 to BS’C 

54HC 

Ta = -55 to125°C 

Typ 


Guaranteed Limits 













Note 5; Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vqc. and the no load dynamic 
ls = CpD Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


current consumption. 
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National 

Semiconductor 


microCMOS 


MM54HC240/MM74HC240 
Inverting Octal TRI-STATE® Buffer 
l\/IM54HC241/MM74HC241 Octal TRI-STATE Buffer 


General Description 

TheseTRI-STATE buffers utilize microCMOSTechnology, 3.5 
micron silicon gate P-well CMOS. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the advantage of CMOS circuitry, i.e., high noise 
immunity, and low power consumption. Each have a fanout 
of 15 LS-TTL equivalent inputs. 

The MM54HC240/MM74HC2^0 is an^inverting buffer and 
has two active low enables (1G and 2G). Each enable inde- 
pendently controls 4 buffers. MM54HC241/MM74HC241 is 
a non-inverting buffer that has one active low enable and 
one active high enable, each again controlling 4 buffers. 
Neither device has Schmitt trigger inputs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Connection Diagrams Dual-ln-Line Packages 

Vcc 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 

ho |i9 |ia |i7 lie lis |i4 |i3 |i2 In 


Features ‘ 

■ Typical propagation delay: 12 ns 

■ TRI-STATE outputs for connection to system buses 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 80 ;xA (74 series) 

■ Output current: 6 mA 



Vcc 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 

16 |l5 |l4 |l3 |l2 |l1 




IG 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TOP VIEW TL/L/5020 

MM54HC240/MM74HC240 
54HC240 (J) 74HC240 (J,N) 


Truth Tables 


(’HC240) 



1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TOP VIEW TL/L/5020-2 

MM54HC241/MM74HC241 

54HC241 (J) 74HC241 (J,N) 


(’HC241) 



H = high level, L=low level. 2= high impedance 
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MMS4HC240/74HC240 

MM54HC241/74HC241 


Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqlit) 

±35 mA 

Operating Temperature RangefTA) 



DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM74HC 

-40 

-1-85 

*c 

Storage Temperature Range (Tstg) 

-65°Cto +150“C 

MM54HC 

-55 

-t-125 

“C 

Power Dissipation (Pn) (Note 3) 

500 mW 

Input Rise or Fall Times 




Lead T emperature (T i) (Soldering 1 0 seconds) 260°C 

(tf. tf) Vcc = 2.0 V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics (Note 4) 






Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

= 25“C 

74HC 

TA=-40to85"C 

54HC 

TA=-55tOl25°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 

■ 

1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

V 


Input Voltage 


m 

■ 


0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|n = V|h or V|L 

M 







Output Voltage 

|IoutI^20 (xA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 
hoUT 1^6.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



houTt^^.S mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 








Output Voltage 

hoUTkSO jxA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
IIoutI^ 6.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



IIoutI^^.S mA 

6.oy 

0.2 


0.33 

0.4 

V 

■in 

Maximum Input 
Current 


6.0V 


±0.1 

±1.0 

±1.0 

jxA 

■oz 

Maximum TRI- 

V|N = V|HorV|L 

6.0V 

m 

±0.5 

±5 

±10 

jxA 


STATE Output 

Vqut = V cc or GND 








Leakage Current 

G = V|h,'G = V|l 


■ 





•cc 

Maximum Quiescent 

ViN ="Vcc or GND 

6.0V 


8.0 

80 

160 

jxA 


Supply Current 

■oUT = 0)xA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should bo used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-198 

































































AC Electrical Characteristics mm54hc24o/mm74hc24o ' 

Vcc = 5V, Ta = 25°C, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay 

Cl= 45 pF 

12 

18 

ns 

tpZH. tpZL 

Maximum Enable Delay 
to Active Output 

Rl=i kn 

Cl = 45 pF 

14 

28 

ns 

tPHZ. tpLZ 

Maximum Disable Delay 
from Active Output 

Rl=i kn 
Cl=5pF 

13 

25 

ns 


AC Electrical Characteristics mm54hc24o/mm74hc24o 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55to125X 

Units 


Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 

Cl = 50pF 


55 


126 

149 



Delay 

Cl = 150 pF 


80 


190 

224 

■B 



Cl =50 pF 


12 


25 

30 

ns 



Cl =150 pF 


22 

o 

38 

45 

ns 



Cl=50pF 

M 

11 

17 

21 

25 

ns 



Cl = 150 pF 


28 

26 

32 

38 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 

M 


m 





Time 

Cl = 50 pF 


75 


189 

224 

ns 



Cl = 150 pF 

B 

100 

B 

252 

298 

ns 



Cl = 50 pF 


15 

o 

38 

45 

ns 



Cl= 150 pF 


20 

o 

50 

60 

ns 



Cl = 50 pF 

6.0V 

H 

26 

32 

38 

ns 



Cl = 150 pF 

6.0V 

o 

34 

43 

51 

ns 

tPHZ. tpLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

75 

150 

189 

224 

ns 


Time 

Cl = 50 pF 

4.5V 

15 

30 

38 

45 

ns 




6.0V 

13 

26 

32 

38 

ns 

tTLH. tjHL 

Maximum Output 


2.0V 

■ 

60 

75 

90 

ns 


Rise and Fall Time 


4.5V 


12 

15 

18 

ns 




6.0V 

H 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per buffer) 

■ 


m 





Capacitance (Note 5) 

G = V|h.G = V,l 


12 




pF 



G = V|l,G = V|h 

lllllll 

50 

B 



pF 

C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 

Gout 

Maximum Output Capacitance 



19 

20 

20 

20 

pF 
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MM54HC241/74HC241 


AC Electrical Characteristics mm 54 hc 24 i/mm 74 hc 24 i 


Vcc=5V, Ta=25*C, tr=tf=6 ns 

Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tpHL. tPLH 

Maximum Propagation Delay 

Cl = 45 pF 

13 

20 

ns 

tpZH. tpZL 

Maximum Enable Delay to 

Active Output 

Rl=i kn 

Cl = 45 pF 

15 

17 

28 

ns 

2G 

17 

28 

ns 

tpHZ. tPLZ 

Maximum Disable Delay 
from Active Input 

Rl=i kn 

Cl=5pF 

1G 

15 

25 

ns 

2G 

13 

25 

ns 


AC Electrical Characteristics mm 54 hc 24 i/mm 74 hc 24 i 

Vcc=2.0V to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= - 40 to 85“C 

54HC 

TA=-55to125°C 

Units 

BB 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 

Cl=50pF 

2.0V 

58 

115 

145 

171 



Delay 

Cl= 150 pF 

2.0V 

83 

165 

208 

246 

WM 



Cl =50 pF 


14 

23 

29 

34 

ns 



Cl= 150 pF 


17 

33 

42 

49 

ns 



Cl = 50 pF 

6.0V 

11 

20 

25 

29 

ns 



Cl= 150 pF 

6.0V 

n 

28 

35 

42 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 



M 





Time 

Cl = 50 pF 

2.0V 

75 

mi 

189 

224 

ns 



Cl= 150 pF 

2.0V 

100 


252 

298 

ns 



Cl = 50 pF 


15 

n 

38 

45 

ns 



Cl= 150 pF 


20 

■a 

50 

60 

ns 



Cl = 50 pF 

6.0V 

H 

26 

32 

38 

ns 



Cl=150pF 

6.0V 

la 

34 

43 

51 

ns 

tpHZ. tpLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

75 

150 

189 

224 

ns 


Time 

Cl=50pF 

4.5V 

15 

30 

38 

45 

ns 




6.0V 

13 

26 

32 

38 

ns 

tTLH. tTHL 

Maximum Output 


2.0V 

■ 

60 

75 

90 

ns 


Rise and Fall Time 


4.5V 


12 

15 

18 

ns 




6.0V 

H 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per buffer) 

■ 


■ 





Capacitance (Note 5) 

G=V|h.G=V,l 


12 




pF 



5=V,l.G=V,h 


50 




pF 

C|N 

Maximum Input Capacitance 



5 


10 

10 

pF 

Gout 

Maximum Output Capacitance 




20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc^ *+Icc Vcc. and the no ioad dynamic current consumption, 
Is = CpD Vcc f + IcC’ 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC242/74HC242 

MM54HC243/74HC243 



National 


Semiconductor 

microCMOS 


MM54HC242/MM74HC242 

Inverting Quad TRI-STATE® Transceiver 

MM54HC243/MM74HC243 Quad TRI-STATE Transceiver 


General Description 

These TRI-STATE bi-directional inverting and non-inverting 
buffers utilize microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS, and are intended for two-way asynchro- 
nous communication between data buses. They have high 
drive current outputs which enable high speed operation 
when driving large bus capacitances. These circuits pos- 
sess the low power dissipation and high noise immunity as- 
sociated with CMOS circuits, but speeds comparable to low 
power Schottky TTL circuits. They can also drive 15 LS-TTL 
loads. 

The MM54HC242/MM74HC242 is a non-inverting buffer 
and the MM54HC243/MM74HC243 is an inverting buffer. 
Each device has one active high enable (GBA), and one 
active low enable (GAB). GBA enables the A outputs and 


Connection Diagrams 

Dual-ln-Llne Package 


Vcc G8A NC IB 2B 3B 4B 



MMS4HC242/MM74HC242 
54HC242(J) 74HC242(J,N) 


Truth Tables 


Control Inputs 

Data Port Status 

GAB 

GBA 

A 

B 

■■ 

■■ 

OUTPUT 

Input 



Isolated 

Isolated 



Isolated 

Isolated 

■B 

■■ 

Input 

OUTPUT 


GAB enables the B outputs. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc arid ground. 

Features 

■ Typical propagation delay: 12 ns 

■ TRI-STATE outputs 

■ Two way asynchronous communication 

■ High output current: 6 mA (74HC) 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 80 )j,A (74HC) 


Dual-ln-Llne Package 


Vcc GBA NC IB 2B 3B 4B 



MM54HC243/MM74HC243 
54HC243 (J) 74HC243 (J,N) 


Control Inputs 

Data Port Status 

GAB 

GBA 

A 

B 

■■ 

■■ 

OUTPUT 

Input 



Isolated 

Isolated 


Bl 

Isolated 

Isolated 

■■ 

BB 

Input 

OUTPUT 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°C to + 150“C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature RangefTA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Max Units 

6 V 

Vcc V 


Symbol 

Parameter 

VlH 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 

Current 

loz 

Maximum TRI- 
STATE Output 

Leakage Current 

Icc 

Maximum Quiescent 
Supply Current 



Guaranteed Limits 

1.5 

1.5 


1.5 

3.15 

3.15 


3.15 





V|N=V|H orViL 
IIqutI^S.O mA 
|IoutI^ 7.8 mA 


V|N=V|H orViL 
|IoUtI^ 20 /iA 


V|N = V|HorV|L 
IIoutI^S.O mA 
|IoutI^ 7.8 mA 


V|N = Vcc or GND 


VoUT^Vee or GND 
GAB = V|h,GBA= V|l 
(GAB and GBA only) 


V|f,) = Vcc or GND 
louT = 0 fA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vqu) occur for HC at 4.57. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = S SV and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
lcc> and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MIVI54HC243/74HC243 


AC Electrical Characteristics (mm54hc242/mm74hc242) 

Vcc = 5V, Ta = 25°C, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tpLH 

Maximum Propagation Delay 

Cl= 45 pF 

12 

18 

ns 

tpZH.VzL 

Maximum Output Enable 

Time to Active Output 

Rl= kft 

Cl = 45 pF 

17 

28 

ns 

tPHZ.,tpHL 

Maximum Output Disable 
time from Active Output 

RL=kft 

Cl= 5 pF 

15 

25 

ns 


AC Electrical Characteristics mm54hc242/mm74hc242 

Vcc = 2.0V to 6.0V, Cl = 50 pF, V=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'C 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta=- 55 to125’C 

Units 

BH 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

55 

100 

126 

149 

n 


Delay 

Cl= 150 pF 

2.0V 

80 

150 

190 

224 

■91 



Cl = 50 pF 

4.5V 

12 


25 

30 

ns 



Cl = 1 50 pF 

4.5V 

22 


38 

45 

ns 



Cl=50pF 

6.0V 

11 

17 

21 

25 

ns 



Cl= 150 pF 

6.0V 

18 

26 

32 

38 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 



M 





Time to Active Output 

Cl=50pF 

2.0V 

75 


189 

224 

ns 



Cl= 150 pF 

2.0V 

100 

a 

252 

298 

ns 



Cl = 50 pF 

4.5V 

15 

30 

38 

45 

ns 



Cl= 150 pF 

4.5V 

30 

40 

50 

60 

ns 



Cl =50 pF 

6.0V 

13 

26 

32 

38 

ns 



Cl= 150 pF 

6.0V 

17 

34 

43 

51 

ns 

tpHZ. tPLZ 

Maximum Output Disable 

RL=1ka 

2.0V 

75 

150 


224 

ns 


Time from Active Output 

Cl =50 pF 

4.5V 

15, 

30 


45 

ns 




6.0V 

13 

26 


38 

ns 

tTLH. tTHL 

Maximum Output 


2.0V 

■j 

60 

75 

90 

ns 


Rise and Fall 


4.5V 


12 

15 

18 

ns 


Time 


6.0V 

1 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per buffer) 

■ 


■ 





Capacitance (Note 5) 

5=V,h.G=V,l 


12 




pF 



G = V|l.G = V,h 


50 

■ 



pF 

C|N 

Maximum Input Capacitance 



5 

la 

10 

10 

pF 

CouT 

Maximum Output Capacitance 



m 

Kil 

20 

20 

pF 
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AC Electrical Characteristics (mm54hc243/mm74hc243) 

Vcc = 5V, Ta=25'’C, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tpHL. tpLH 

Maximum Propagation Delay 

Cl= 45 pF 

13 

20 

ns 

tpZH. <PZL 

Maximum Output Enable 

Time to Active Output 

RL = kn 

Cl = 45 pF 

17 

28 

ns 

tPHZ. tpLZ 

Maximum Output Disable 

Time from Active Output 

RL=kft 

Cl=5pF 

15 

25 

ns 


AC Electrical Characteristics mm54hc243/mm74hc243 

Vcc = 2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless othenwise specified) 


Symbol 

Parameter 


Vcc 

Ta = 

25'’C 

74HC 

Ta= -40 to SS'C 

54HC 

Ta=- 55 to125“C 

Units 


Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 

Cl = 50 pF 



115 


171 



Delay 

Cl = 150 pF 


s 

165 


246 

IS 


i 

Cl = 50pF 

HQ 

14 

23 

29 

34 

ns 



Cl = 150 pF 


17 

33 

42 

49 

ns 



Cl = 50 pF 

6,0V 

li 

20 

25 

29 

ns 



Cl = 150 pF 

6.0V 

o 

28 

35 

42 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 








Time to Active Output 

Cl = 50 pF 


75 

150 

189 

224 

ns 



Cl = 150 pF 


100 

200 

252 

298 

ns 



Cl = 50 pF 


15 

WM 

38 

45 

ns 



Cl = 150 pF 


20 

■a 

50 

60 

ns 



Cl = 50 pF 

M 

H 

26 

32 

38 

n? 



Cl = 150 pF 


■9 

34 

43 

51 

ns 

tPHZ. tPLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

75 

150 

189 

224 

ns 


Time from Active Output 

Cl = 50pF 

4.5V 

15 

30 

38 

45 

ns 




6.0V 

13 

26 

32 

38 

ns 

tTLH. tTHL 

Maximum Output 


M 

■ 

60 

75 

90 

ns 


Rise and Fall 




12 

15 

18 

ns 


Time 


SI 

H 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per buffer) 

n 


m 





Capacitance (Note 5) 

G = V|h.G = V|l 


12 




pF 



G = V|l.G = V|h 


50 




pF 

C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 

Gout 

Maximum Output Capacitance 



1 

■El 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc^ t+lcc Vcc> the no load dynamic current consumption, 
ls = CpD Vcc t + 'cc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC243/74HC243 












National 

Semiconductor 


microCMOS 


MI\/I54HC244/MM74HC244 Octal TRI-STATE® Buffer 


General Description 

These TRI-STATE buffers utilize microCMOS Technology, 
3.5 micron silicon gate P-well CMOS, and are general pur- 
pose high speed non-inverting buffers. They possess high 
drive current outputs which enable high speed operation 
even when driving large bus capacitances. These circuits 
achieve speeds comparable to low power Schottky devices, 
while retaining the advantage of CMOS circuitry, i.e., high 
noise immunity, and low power consumption. All three de- 
vices have a fanout of 15 LS-TTL equivalent inputs. 

The MM54HC244/MM74HC244 is a non-inverting buffer 
and has two active low enables (1G and 2G). Each enable 
independently controls 4 buffers. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis- 
charge by diodes to and ground. 


Features 

B Typical propagation delay: 12 ns 
a TRI-STATE outputs for connection to system buses 
a Wide power supply range: 2-67 
a Low quiescent supply current: 80 fiA (74 series) 
a Output current: 6 mA 



Connection Diagram 


Dual-In-Line Package 


Vcc 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 



1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TOP VIEW tl/f/! 

MM54HC244/MM74HC244 
54HC244 (J) 74HC244 (J,N) 


Truth Table 


(’HC244) 


I 


L 
H 

Z H 
Z H 



H = high level, L = low level, Z = high impedance 
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MM54HC244/74HC244 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (Tstg) 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (Tl) (Soldering 10 seconds) 

DC Electrical Characteristics (Note 4) 


Operating Conditions 


-0.5 to +7.0V 


Min 

Max 

Units 

-1.5 to Vcc + 1.5V 

Supply Voltage(Vcc) 

2 

• 6 

V 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20mA 

(Vin.Vqut) 




±35 mA 

Operating Temperature Range(TA) 



MM74HC 

-40 

+ 85 

"C 

±70mA 

MM54HC 

-55 

+ 125 

•c 

-65*CtO +150”C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

:onds) 260°C 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

TA=-40tO 85“C 

54HC 

Ta=- 55 tOl25°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



■ 

§Si 

1.5 

1.5 

V 


Input Voltage 





3.15 

3.15 

V 






ia 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

V 


Input Voltage 




^^9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N=V|H orV|L 








Output Voltage 

|IoutI^ 20 pA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 






V 



|IoutI^6-0 

4.5V 

4.2 

3.98 


3.7 

V 



1IoutI^ 7.8 mA 

6.0V 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H orViL 


■ 






Output Voltage 

110071^20 nA 

2.0V 

B 

0.1 

0.1 

0.1 

V 




4.5V 

B 

0.1 

0.1 

0.1 

V 




6.0V 

B 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 









IIoutNS.O mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



IIoutI^ 7.8 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

■in 

Maximum Input 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 


Current 








■oz 

Maximum TRI- 

V|N=V|H.orV|L 

6.0V 

■| 

±0.5 

±5 

±10 

/lA 


STATE Output 

VoUT~VccorGND 








Leakage Current 

Q = V|h 


■ 





Ice 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

■out=0mA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piMtIc “N” package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc ~ 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n. 
Icc> and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-208 



























































AC Electrical Characteristics mm54hc244/mm74hc244 

Vcc = 5V. Ta = 25°c, tr = t, = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

i 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay 

Cl = 45 pF 

14 

20 

ns 

tpZH. tpZL 

Maximum Enable Delay 
to Active Output 

Rl=i kn 

Cl = 45 pF 

17 

28 

ns 

<PHZ. tpLZ 

Maximum Disable Delay 
From Active Output 

RL=1kn 

Cl = 5pF 

15 

25 

ns 


AC Electrical Characteristics 



Symbol 

Parameter 

tPHL. tpLH 

Maximum Propagation 
Delay 

tpZH. tpZL 

Maximum Output Enable 
Time . 

tpHZ. tpLZ 

Maximum Output Disable 
Time 

tTLH. tTHL 

Maximum Output 

Rise and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 

Gout 

Maximum Output 
Capacitance 



Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ <+Icc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc *+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC245/MM74HC245 Octal TRI-STATE® Transceiver 



General Description 

These TRI-STATE bi-directional buffers utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. This circuit possesses the low power 
consumption and high noise immunity usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. 

This device has an active low enable input G and a direction 
control Input, DIR. When DIR is high, data flows from the A 
inputs to the B outputs. When DIR is low, data flows from 
the B inputs to the A outputs. The MM54HC245/ 
MM74HC245 transfers true data from one bus to the other. 


This device can drive up to 15 LS-TTL Loads, and does not 
have Schmitt trigger inputs. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 

Features 

■ Typical propagation delay: 14 ns 

■ Wide power supply range: 2-6\/ 

■ Low quiescent current: 80 p,A maximum (74 HC) 

■ TRI-STATE outputs for connection to bus oriented 
systems 

■ High output drive: 6 mA (minimum) 

■ Same as the ’645 


Connection Diagram 

Dual-ln-Une Package 

ENABLE 

Vcc G B1 B2 B3 B4 B5 B6 B7 B8 



MM54HC245/MM74HC245 
54HC245 (J) 74HC245 (J,N) 


Truth Tabie 


Control 

Inputs 

Operation 

G DIR 

L L 

vL H, 

H X 

B data to A bus 

A data to B bus 
Isolation 


H = high level, L = low level. X = Irrelevant 
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MM54HC245/74HC245 


Absolute Maximum Ratings (Notes i & 2) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage DIR and S pins (V|n) 

-1.5 toVcc + 1.5V 

SuppiyVoitage(Vcc) 

2 

6 

V 

DC Input/Output Voltage (V|n, Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 


Vcc 

V 

Clamp Diode Current (Icd) 

±20 mA 

(Vin.Vout) 

0 

DC Output Current, per pin (Iqlit) 

±35 mA 

Operating Temperature Range (Ta) 
MM74HC -40 

+ 85 

•c 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55 

+ 125 

»c 

Storage Temperature Range (Tstq) 

-65“Cto +150‘’C 

Input Rise/Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260“C 

Vcc 4.5 V 


500 

ns 

t 


Vcc=6.0V 

C 

400 

ns 

DC Electrical Characteristics (Note 4) 






Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

2S‘C 

74HC 

TA=-40to85*C 


Units 




— 






Guaranteed Limits | 


V|H 

Minimum High Level Input 


2.0V 

■ 

1.5 

1.5 

1.5 

V 


Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 

■ 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

V 


Voltage 


4.5V 

■ 

0.9 

0.9 { 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

VOH 

Minimum High Level Output 

V|n = V|h orViL 








Voltage 

|IoutI^ 20 p,A 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 6.0 mA 

4.5V 

4.2 

3.98 

— 

3.7 

V 



||out 1^7.8 mA 

6.0V 

5.7 

5.48 


5.2 

V 

VoL ' 

Maximum Low Level Output 

V|N = V(H OrV|L 


■ 






Voltage 

|loUTl^20)iA 

2.0V 

D 

0.1 

0.1 

0.1 

V 




4.5V 

D 

0.1 

0.1 

0.1 

V 




6.0V 

11 

0.1 

0.1 

0.1 ' 

V 



V|N=V|h orV|L 
|IoUtI^ 6-0 fTlA 

4.5V 


0.26 


0.4 

V 



IioutI^^.S mA 

6.0V 


0.26 


0.4 

V 

•in 

Input Leakage 

Current (5 and DIR) 

V|N = Vcc to GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

•oz 

Maximum TRI-STATE 

Vqut = Vcc 

6.0V 


±0.5 

±5.0 

±10 

fiA 


Output Leakage Current 

Enables G = V,h 







Ice 

Maximum Quiescent Supply 

V|N “ Vcc or GND 

6.0V 


8.0 

80 

160 

pA 


Current 

•OUT^O fA 








Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Uniess otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/’C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100°C to 125‘'C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh> end Vql) occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc ** S.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Icc> end loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

ycc=5V, Ta=25''C. tr=tf=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation Delay 

Cl = 45 pF 

13 

17 

ns 

IPZH. tpZL 

Maximum Output Enable Time 

Rl = 1 kn 

Cl = 45 pF 

33 

42 

ns 

tpHZ. tpLZ 

Maximum Output Disable Time 

Rl = 1 ka 

Cl = 5 pF 

32 

42 

ns 



AC Electrical Characteristics 


Symbol 

Parameter 

IPHL. 

Maximum Propagation Delay 

IPLH 


tpZH. 

Maximum Output Enable 

IPZL 

Time 

IPHZ. 

Maximum Output Disable 

tPLZ 

Time 

ItlH. tTHL 

Output Rise and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 

C|N/0UT 

Maximum Input/Output 
Capacitance, A or B 



Cl = 150 pF 


Cu = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl = 150 pF 


Rl = 1 kn 


Cl = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl = 150 pF 


Rl = 1 kn 
Cl = 50 pF 


Cl= 50 pF 


Ta = 

25°C 

74HC 

Ta= -40 to 85X 

54HC 

Ta=- 55 to125°C 

Typ 

Guaranteed Limits 

29 

72 

88 

96 

38 

96 

116 

128 







Note 5: CpD determines the no load dynamic power consumption, Po=CpD Vcc* t+lcc Vcc. and the no load dynamic current consumption, 
ls“CpD Vcc t+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC251 /MM74HC251 
8-Channel TRI-STATE® Multiplexer 

General Description 

This 8-CHANNEL DIGITAL MULTIPLEXER with TRI-STATE 
outputs utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. Along with the high noise immunity and 
low power consumption of standard CMOS integrated cir- 
cuits, it possesses the ability to drive 10 LS-TTL loads. The 
large output drive capability and TRI-STATE feature make 
this part ideally suited for interfacing with bus lines in a bus 
oriented system. 

This multiplexer features both true (Y) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 

When enabled, address information on the data select in- 
puts determines which data input is routed to the Y and W 




microCMOS 


outputs. The 54HC/74HC logic family is speed, function, as 
well as pinout compatible with the standard 54LS/74LS log- 
ic family. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay 
Data Select to Y: 26 ns 

■ Wide supply range: 2-6V 

■ Low power supply quiescent current: 80 /xA maximum 
(74HC) 

■ TRI-STATE outputs for interface to bus oriented 
systems 


Connection Diagram 

Dual-ln-Llne Package 
DATA INPUTS DATA SELECT 

Vcc 4 5 6 7 A B C 


Truth Table 



Inputs 

Outputs 

Select 

Strobe 

Y 

W 





C 

B 

A 

S 



X 

X 

X 

H 

z 

z 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

DT 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H. 

L 

D7 

D7 


TOP VIEW 

MM54HC251/MM74HC251 
54HC251 (J) 74HC251 (J,N) 


H = high logic level, L = logic level 
X = irrelevant, Z = high impedance (off) 

DO, D1 . . . D7 = the level of the respective D Input 


Logic Diagram 
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MM54HC251/74HC251 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

^0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

°c 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65'’Cto +150‘’C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (Ti) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Eiectrical Characteristics (Note 4) 






Ta= 

2S°C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=-40 to 85°C 

TA=-55to125‘'C 

Units 









Typ 1 


Guaranteed Limits | 


V|H 

Minimum High Level 


2.0V 

m 

1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 

4.2 

4.2r 

V 

VlL 

Maximum Low Level 


2.0V 

m 


0.3 

0.3 

V 


Input Voltage 


4.5V 



0.9 

0.9 

V 




6.0V 


1.2 

- i-s 

1.2 

V 

VOH 

Minimum High Level 

V|N = V|H or V|L 








Output Voltage 

|IoutN20 ft a 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





! 6.0 

5.9 

5.9 

5.9 

V 



V|N=V|HOrV|L 
NoutI^^.O mA 

Qa 

i 

4.2 

3.98 


3.7 

V 



|lOUTi^5.2mA 


5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N=V|H orV|L 

nn 







Output Voltage 

|IoutI^20 fiA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 ^ 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orV|L " 









IIqutI^ 4.0 mA 

4.5V 

0.2 

0.26 


0.4 

V 



|l0UTi^5.2 mA 

6.0V 

0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

•oz 

Maximum TRI- 

Strobe = Vcc 

6.0V 

■ 

±0.5 

±5 

±10 

fiA 


STATE* Leakage 
Current 

VoUT= Vcc or GND 


■ 





icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

/xA 


Supply Current 

•out=0mA 








Nota 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85'’C; ceramic "J” package; -12 mW/°C from 
lOO'C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh> and Vql) occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case V|h and V|i. occur at Vcc = 5.SV and 4.5V respectively. (The V|h value at S.5V Is 3.85V.) The worst case leakage current (I|n, 
lcc> 8hd Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25*c, cl=i5 pf, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Umit 

Units 

tpHL. 'PLH 

Maximum Propagation Delay 

A, B or C to Y 


26 

35 

ns 

tpHL. tpLH 

Maximum Propagation 

Delay, A, B or C to W 


27 

35 

ns 

fpHL. 'PLH 

Maximum Propagation 

Delay, Any D to Y 


22 

29 

ns 

tpHL. tpLH 

Maximum Propagation 

Delay, Any D to W 


24 

32 

ns 

fpZH. tpZL 

Maximum Output Enable 

Time, W Output 

RL=1k 

Cl =50 pF 

19 

% 

27 

ns 

tpZH. tpZL 

Maximum Output Enable 

Time, Y Output 

RL=1k 

Cl =50 pF 

19 

26 

ns 

tpHZ. fpLZ 

Maximum Output Disable Time 
W Output 

RL=1k 

Cl=5pF 

26 

40 

ns 

tpHZ. tpLZ 

Maximum Output Disable Time 

Y Output 

RL = 1k 
Cl=5pF 

27 

35 

ns 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85‘C 

54HC 

Ta=- 55 to125“C 

Units 

cn 

Guaranteed Limits 

^PHL. tPLH 

Maximum Propagation Delay 



90 

205 

256 

300 

ns 


A, B or C to Y 



31 

41 

51 

60 

ns 





26 

35 

44 

51 

ns 

tpHL. tPLH 

Maximum Propagation 



95 

205 

256 

300 

ns 


Delay, A, B or C to W 



32 

41 

51 

60 

ns 




003 

27 

35 

44 

51 

ns 

tPHL. tpLH 

Maximum Propagation 


2.0V 

70 

195 

244 

283 

ns 


Delay, Any D to Y 


4.5V 

27 

39 

49 

57 

ns 




6.0V 

23 

33 

41 

48 

ns 

tpHL. tPLH 

Maximum Propagation 



75 

185 

231 

268 

ns 


Delay, Any D to W 



29 

37 

46 

54 

ns 





25 

32 

40 

46 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

RL=1k 

ESS! 

45 

150 

' 188 

218 

ns 


W Output 



21 

30 

38 

44 

ns 





18 

26 

33 

38 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

RL=1k 


45 

145 

181 

210 

ns 


Y Output 



21 

29 

36 

42 

ns 





18 

25 

31 

36 

ns 

fpHZ. tpLZ 

Maximum Output Disable Time 

RL=1k 

2.0V 

60 

220 

275 

319 

ns 


W Output 


4.5V 

29 

44 

55 

64 

ns 



6.0V 

25 

37 

46 

54 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

RL=1k 


60 

195 

244 

283 

ns 


Y Output 



30 

39 

49 

57 

ns 





26 

33 

41 

48 

ns 

tTHL. tTLH 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

Capacitance (Note 5) 

(per package) 


110 




pF 

C|N 

Maximum Input 

Capacitance 



5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic 
ls“CpD Vcc f+lcc- 

Note 6: Refer to back of this section for Typical 


power consumption, Pd=Cpo Vcc* f+lcc Vcc. and the no load dynamic current consumption, 
MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC253/74HC253 



Nah'onal 

Semiconductor 


MM54HC253/MM74HC253 
Dual 4-Channel TRI-STATE® 

General Description 

The MM54HC253/MM74HC253 utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power consumption and high noise immunity of stan- 
dard CMOS integrated circuits, along with the capability to 
drive 10 LS-TTL loads. The large output drive and TRI- 
STATE features of this device make it ideally suited for in- 
terfacing with bus lines in bus organized systems. When the 
output control input is taken high, the multiplexer outputs 
are sent into a high impedance state. 

When the output control Is held low, the associated multi- 
plexer chooses the correct output channel for the given in- 
put signals determined by the select A and B inputs. 



Multiplexer 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS jogic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 24 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 /lA maximum (74HC series) 

■ Low input current: 1 juA maximum 

■ Fanout of 10 LS-TTL loads 



Truth Table 


MM54HC253/MM74HC253 
54HC253 (J) 74HC253 (J,N) 



Select Inputs A and B are common to both sections. 

H = high level, L = low level, X = Irrelevant, Z = high impedance (off). 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current {I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to +150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vqut) 




Operating Temperature Range(TA) 



MM74HC 

-40 

+ 85 

'C 

MM54HC 

-55 

+ 125 

'C 

Input Rise or Fall Times 




(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 






Ta= 

= 25°C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=-40 to 85°C 

TA=-55tOl25'C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 



m 

1.5 

1.5 

1.5 

n 


Input Voltage 




3.15 

3.15 

3.15 

■■ 






4.2 

4.2 

4.2 

1 V 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

n 


Input Voltage 



■ 


0.9 

0.9 







1.2 

1.2 

1.2 


Vqh 

Minimum High Level 

V|N = V|H or V|L 

M 





■ 


Output Voltage 

|IoutI^20 /xA 


2.0 

1.9 

1.9 

1.9 






4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5,9 

5.9 

V 



V|N = V|H orViL 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H or V|L 








Output Voltage 

|IoutI^ 20 fxA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

1 

0.2 

0.26 

0.33 

0.4 

V 



i'0UTi^5.2 mA 


0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 

Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

/iA 

•oz 

Maximum TRI-STATE 

Strobe = Vcc 

6.0V 

■ 

±0.5 

±5.0 

±10 

fA 


Output Leakage 
Current 

VoUT= Vcc or GND 


■ 





Icc 

Maximum Quiescent 

ViN~Vcc or GND 

6.0V 


8.0 

80 

160 

(xA 


Supply Current 

IOUT = 0 p,A 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/'C from 65°C to 85°C; ceramic "J" package; -12 mW/°C from 
100°Cto 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
lcc> and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC253/74HC253 


AC Electrical Characteristics vcc=5v. ta=25»c. tr=tf=6 ns, cl=i5 pf 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tpHL. tpLH 

Maximum Propagation 

Delay, Select A or B to Y 


24 

30 

ns 

tpHL. tpLH 

Maximum Propagation 

Delay, any Data to Y 


18 

23 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Y Output to a Logic Level 

RL=1k 

13 

18 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

Y Output to High Impedance State 

Rl=ii< 

18 

27 

ns 


AC Electrical Characteristics Cl = 50 pF, tf=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

= 25“C 

74HC 

Ta=- 40 to 85’C 

54HC 

Ta=- 55 to125'C 

Units 

EW!1 

1 Guaranteed Limits | 

tPHL. tPLH 

Maximum Propagation 


2.0V 

131 

158 

198 

237 

ns 


Delay, Select A or B to Y 


4.5V 

29 

35 

44 

53 

ns 




6.0V 

24 

30 

38 

45 

ns 

fPHL. fPLH 

Maximum Propagation 


2.0V 

99 

126 

158 

189 

ns 


Delay, any Data to Y 


4.5V 

22 

28 

35 

42 

ns 




6.0V 

19 

23 

29 

35 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 

2.0V 

63 

90 

113 

135 

ns 




4.5V 

14 

20 

25 

30 

ns 




6.0V 

12 

17 

21 

26' 

ns 

fPHZ. tPLZ 

Maximum Output Disable Time 

Rl= 1 kft 

2.0V 

90 

135 

169 

203 

ns 




4.5V 

20 

30 

38 

45 

ns 




6.0V 

17 

25 

31 

38 

ns , 

tTHL. tTLH 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 ■ 

ns 

C|N 

Maximum Input Capacitance 



5 

Bi 

10 

10 

pF 

CpD 

Power Dissipation 

(per package) 

m 


■■1 





Capacitance (Note 5) 

Outputs Enabled 


90 




pF 



Outputs Disabled 


25 




pF 


Note 5: CpD determines the no load dynamic power consumption. P( 3 =CpD Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+lcc- ' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagram 


’HC253 
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National 
Semiconductor 


MIVI54HC257/MM74HC257 
Quad 2-Channel TRI-STATE<^ 

General Description 

This QUAD 2-TO-1 LINE DATA SELECTOR/MULTIPLEXER 
utilizes microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS. Along with the high noise immunity and low 
power dissipation of standard CMOS integrated circuits, it 
possesses the ability to drive LS-TTL loads. The large out- 
put drive capability coupled with the TRI-STATE feature 
make this device ideal for interfacing with bus lines in a bus 
organized system. When the OUTPUT CONTROL input line 
is taken high, the outputs of all four multiplexers are sent 
into a high impedance state. When the OUTPUT CONTROL 
line is low, the SELECT input chooses whether the A or B 
input is used. 


Connection and Logic Diagrams 

Dual-ln-Llne Package 

INPUTS INPUTS 

OUTPUT • . OUTPUT OUTPUT 

Vcc CONTROL 4A 4B 4Y 3A 3B 3Y 

|l6 15 14 13 12 11 jO 9 

— — L_ 

G 4A 4B 4Y 3A 3B 


1A IB 1Y 2A 2B 2Y 


SELECT 1A IB 1Y 2A 2B 2Y GNO 

■ OUTPUT ' OUTPUT 

INPUTS INPUTS 

TOP VIEW TL/F/5329- 

MM54HC257/MM74HC257 

54HC257 (J) 74HC257 (J.N) 


microCMOS 


Multiplexer 


The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc arid ground. 

Features 

■ Typical propagation delay: 12 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 juA maximum (74HC series) 

■ TRI-STATE outputs for connection to system buses. 


0UTPUT(15) 
CONTROL.'^ 
1A ‘ 



Truth Table 


Inputs 

Output Y 

Output 

Control 

Select 

A B 

H 

X 

X X 

Z 

L 

L 

L X 

L 

L 

L 

H X 

H 

L 

H 

X L 

L 

L 

H 

X H 

H 


H = high level, L = low level, X = Irrelevant, Z = high impedance, (off) 
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MM54HC257/74HC257 


Absolute Maximum Ratings (Notes i & 2) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20mA 

P 

=> 

o 

> 

z 

> 




DC Output Current, per pin (iouT) 

±35 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

-c 

DC Vcc Of GND Current, per pin (Icc) 

±70 mA 

MM54HC 

-55 

+ 125 

°C 

Storage Temperature Range (Tstg) 

-65'’Cto +150‘‘C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0 V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) ’ 260'“C 

Vcc = 4.5 V 


500 

ns 



Vcc=60V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25"C 

74HC 

Ta=- 40 to85'C 

54HC 

Ta= - 55 to 

Units 





Typ 

Guaranteed Limits 


V|H 

Minimum High Level 


2.0V. 

■ 

1.5 

1.5 

,1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 


4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 


Wi 


0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Levei 

V|N = V|HorV|L 








Output Voltage 

|IoutI^20 hA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 


- 

V|N = V|H OrV|L 
|IoutI^ 6.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



HoutI^^.B mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H or V|L 

mm 







Output Voltage 

|IoutI^20 fiA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H orViL 
|IoutI^ 6.0 mA 

4.5V 

0.2 


0.33 

0.4 

V 



|IoutI^ 7.8 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N= VecorGND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

•oz 

MaximumTRI-STATE 

VquT ~ Vcc or GND 

6.0V 


±0.5 

±5.0 

±10 

fjA 


Output Leakage 

OC = V|H 







Icc 

Maximum Quiescent 

V|N~ Vcc or GND 

6.0V 


8.0 

80 

160 

pA 


Supply Current 

Iout=^ 0 pA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from 65'C to 85°C; ceramic "J” package: -12 mW/°C from 
10O°Cto 125''C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is ’3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6,0V values should bd used. 
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AC Electrical Characteristics 

Vcc = 5V. Ta = 25°C. tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 

Delay, Select to any Y Output 

Cl=45 pF 

12 

18 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay, A or B to any Y Output 

Cl=50 pF 

13 

21 

ns 

tpZH. tpZL 

Maximum Output Enable 

Time, any Y Output to a Logic Level 

Rl=i kn 

Cl = 45 pF 

17 

28 

ns 

tpHZ. tPLZ 

Maximum Output Disable 

Time, any Y Output to a High Impedance State 

Rl=i kn 
Cl=5pF 

15 

25 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

= 25'C 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55to125'C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 

Cl = 50 pF 


50 

mm 

125 

150 

ns 


Delay, Select to any 

Cl = 150 pF 


70 


189 

224 

ns 


Y Output 

Cl = 50 pF 


n 


25 

30 

ns 



Cl = 150 pF 

eM 

19 


38 

45 

ns 



Cl = 50pF 


9 

17 

21 

25 

ns 



Cl = 150 pF 


13 

26 

32 

38 

ns 

tpHL. tpLH 

Maximum Propagation 

Cl = 50 pF 


50 


125 

150 

ns 


Delay, A or B to any 

Cl = 150 pF 


70 


190 

221 

ns 


Y Output 

Cl = 50pF 


10 

Mi 

29 

30 

ns 



Cl = 150 pF 


15 


38 

45 

ns 



Cl = 50 pF 


10 

17 

21 

25 

ns 



Cl = 150 pF 


17 

26 

32 

38 

ns 

tpZH. tpZL 

Maximum Output 

Rl=.i kn 

■ 







Enable Time 

Cl = 50 pF 


75 

150 

189 

224 

ns 


Any Y Output to a Logic Level 

Cl = 150 pF 


100 

200 

252 

298 

ns 



Cl = 50 pF 

QJI 

15 

o 

38 

45 

ns 



Cl = 150 pF 


20 

Bl 

50 

60 

ns 



Cl = 50 pF 

BtiW 

13 

26 

32 

38 

ns 



Cl = 150 pF 


17 

34 

43 

51 

ns 

tpHZ. tPLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

75 

150 

189 

224 

ns 


Time, any Y Output to a 

Cl = 50 pF 

4.5V 

15 

30 

38 

45 

ns 


High Impedance State 


6.0V 

13 

26 

32 

38 

ns 

'THL. tTLH 

Maximum Output Rise 

Cl = 50 pF 

M 

■ 

60 

75 

90 

ns 


and Fall Time 


ESI 


12 

15 

18 

ns 





H 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per mux) 

m 







Capacitance (Note 5) 

Enable 


30 




pF 



Disabled 


8 

1^1 



pF 

C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 







*■ ■ 


Note 5: Cpp determines the no load dynamic power consumption, Pd=Cpd Vcc^-i+Iqq Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC259/74HC259 


National 
Semiconductor 

MM54HC259/MM74HC259 
8-Bit Addressable Latch/3-t( 

General Description 

This device utilizes microCMOS Technology, 3.5 micron sili- 
con gate P-well CMOS, to implement an 8-bit addressable 
latch, designed for general purpose storage applications in 
digital systems. 

The MM54HC259/MM74HC259 has a single data input (D), 
8 latch outputs (Q1-Q8), 3 address inputs (A, B, and C), a 
common enable input (E), and a common CLEAR input. To 
operate this device as an addressable latch, data is held on 
the D input, and the address of the latch into which the data 
is to be entered is held on the A, B, and C inputs. When 
ENABLE is taken low the data flows through to the ad- 
dressed output. The data is stored when ENABLE tran- 
sitions from low to high. All unaddressed latches will remain 
unaffected. With enable in the high state the device is dese- 
lected, and all latches remain in their previous state, unaf- 
fected by changes on the data or address inputs. To elimi- 
nate the possibility of entering erroneous data into the latch- 
es, the enable should be held high (inactive) while the ad- 
dress lines are changing. 



microCMOS 


'8 Line Decoder 


If enable is held high and CLEAR is taken low all eight latch- 
es are cleared to a low state. If enable is low all latches 
except the addressed latch will be cleared. The addressed 
latch will instead follow the D input, effectively implementing 
a 3-to-8 line decoder. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay; 18 ns 

■ Wide supply range: 2-6V 

■ Low input current: 1 juA maximum 

■ Low quiescent current: 80 jaA maximum (74HC series) 



Connection Diagram 

Oual-ln-Line Package 

OUTPUTS 

EN- DATA ^ 

Vcc CLfAR ABLE IN Q7 Q6 OS 04 



LATCH SELECT OUTPUTS 

TL/F/5006-1 

MM54HC259/MM74HC259 
54HC259 (J) 74HC259 (J,N) 


Latch Selection Table 


Select Inputs 

Latch 

Addressed 

C 

B 

A 

L 

L 

L 

0 

L 

L 

H 

1 

L 

H 

L 

2 

L 

H 

H 

3 

H 

L 

L 

4 

H 

L 

H 

5 

H 

H 

L 

6 

H 

H 

H 

7 


H = high level, L = low level 
D = the level at the data input 
QiO the level of Qi (I = 0. 1 ... 7, as appro- 
plate) before the Indicated steady-state In- 
put conditions were established. 


Truth Table 


Inputs 

Outputs of 
Addressed 
Latch 

Each 

Other 

Output 

Function 

Clear 

G 

H 

L 

D 

QiO 

Addressable Latch 

H 

H 

QiO 

QiO 

Memory 

L 

L 

D 

L 

8-Line Decoder 

L 

H 

L 

L 

Clear 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) -0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc Of GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T stg) - 65°C to + 1 50“C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T 0 (Soldering 1 0 seconds) 260“C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times '* 

(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


74HC 54HC 

Ta = - 40 to 85”C Ta = - 55 to 1 25X 




l|N 

Maximum Input 
Current 

V|N — Vcc Of GND 

6.0V 


±0.1 

±1.0 

±1.0 

p.A 

Ice 

Maximum Quiescent 
Supply Current 

V||s| = Vcc or GND 
Iout=0fA 

6.0V 


8.0 

80 

160 

p.A 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. , 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from eS'C to 85'C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should bo used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
lcc< and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC259/74HC259 


AC Electrical Characteristics 

(Vcc=5.0V, Ta = 25°C, tr=tf = 6 ns, Cl= 15 pF unless otherwise specified.) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation Delay 

Data to Output 


18 

32 

ns 

tPHL. tPLH 

Maximum Propagation Delay 

Select to Output 


20 

38 

ns 

tPHL. tPLH 

Maximum Propagation Delay 

Enable to Output 


20 

35 

ns 

tpHL 

Maximum Propagation Delay 

Clear to Output 


17 

27 

ns 

tw 

Minimum Enable Pulse Width 



16 

ns 

tw 

Minimum Clear Pulse Width 


o 

16 

ns 

tri tf 

Maximum Input Rise and Fall Time 



500 

ns 

*s 

Minimum Setup Time Select or 

Data to Enable 


15 

20 

ns 

tH 

Minimum Hold Time Data or 
Address to Enable 


-2 

0 

ns 


AC Electrical Characteristics tr=tf=6 ns. cl=5o pf, vcc= 2 .ov- 6 .ov 


Symbol 

j Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40to85°C 

54HC 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation Delay 


2.0V 

60 

180 

225 

250 

ns 


Data to Output 


4.5V 

19 

37 

46 

52 

ns 





17 

32 

40 

45 

ns 

tpHU tpLH 

Maximum Propagation Delay 


2.0V 

72 

220 

275 

310 

ns 


Select to Output 


4.5V 

21 

43 

54 

60 

ns 




6.0V 

18 

37 

46 

52 

ns 

tpHL. tPLH 

Maximum Propagation Delay 


2.0V 

65 

200 

250 

280 

ns 


Enable to Output 


4.5V 

27 

40 

50 

58 

ns 


, 


6.0V 

23 

35 

44 

50 

ns 

tPHL 

Maximum Propagation Delay 


2.0V 

50 

150 

190 

210 

ns 


Clear to Output 


4.5V 

18 

31 

39 

44 

ns 




6.0V 

16 

26 

32 

37 

ns 

tw 

Minimum Pulse Width 


2.0V 

in 

80 

100 

120 

ns 


Clear or Enable 


4.5V 


16 

20 

24 

ns 




6.0V 


14 

18 

20 

ns 

ts 

Minimum Setup Tirhe Address 


2.0V 


100 

125 

150 

ns 


or Data to Enable 


4.5V 


20 

25 

28 

ns 




6.0V 


15 

19 

25 

ns 

tH 

Minimum Hold Time Address or 



-10 

0 

0 

0 

ns 


Data to Enable 



-2 

0 

0 

0 

ns 





-2 

0 

0 

0 

ns 

tTLH. tTHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

C|N 

Input Capacitance 



5 

■a 

10 

10 

pF 

CpD 

Power Dissipation 

(per package) 


80 




■a 


Capacitance (Note 5) 







■■ 


Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vqc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc f+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC266/74HC266 


National 
Semiconductor 

MM54HC266/MM74HC266 Quad 2-Input 
Exclusive NOR Gate 

General Description 

This exclusive NOR gate utilizies microCMOS Technology, 

3.5 micron silicon gate P-well CMOS, to achieve operating 
speeds similar to equivalent LS-TTL gates while maintaining 
the low power consumption and high noise immunity char- 
acteristic of standard CMOS integrated circuits. These 
gates are fully buffered and have a fanout of 10 LS-TTL 
loads. The MM54HC/MM74HC logic family is functionally as 
well as pin out compatible with the standard 54LS/74LS 
logic family. However, unlike the 'LS266 which is an open 
collector gate the ’HC266 has standard CMOS push-pull 
outputs. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vcc and ground. 

Connection Diagram 


Dual-ln-Llne Package 



TOP VIEW TL/F/5330-1 

MM54HC266/MM74HC266 

54HC266 (J) 74HC266 (J,N) 


Features 

■ Typical propagation delay: 9 ns 

■ Wide operating voltage range: 2-6V 

■ Low input current: 1 p.A maximum 

■ Low quiescent current: 20 |xA maximum (74 series) 

■ Output drive capability: 10 LS-TTL loads 

■ Push-pull output 




Truth Tabie 


^ Inputs 

Outputs 

A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 


Y=A'^=AB + SB 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage {V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current {I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pp) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 

DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Voh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

icc 

Maximum Quiescent 
Supply Current 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (T/v) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0 V 
Vcc = 4.5 V 
Vcc = 6.0 V 


74HC 54HC 

TA=-40to85“C TA=-55to125°C 




V|N = V|HOrV|L 
|IoutI^ 4.0 mA 
ilouTi^5.2 mA 


V|N = V|HorV|L 
|IoutI^20 iiA 


V|N = V|H orV|L 
|IoutI^ 4.0 mA 
|l0UTi^5.2 mA 


V|N = VccorGND 6.0V 


IOUT = 0 fiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh. and VoO occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. arid Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC266/74HC266 


AC Electrical Characteristics 

Vcc=5V, Ta = 25°C, Cl= 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation 
Delay 


12 

20 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=-40 to 85X 

54HC 

TA=-55tOl25X 

Units 

Typ 

Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 


Q9 

60 

120 

151 

179 

ns 


Delay 



12 

24 

30 

36 

ns 





10 

20 

26 

30 

ns 

tTHL. tTLH 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

|B 

25 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc Vcc. arid the no load dynamic current consumption, 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC273/MM74HC273 Octal D 
Flip-Flops With Clear 


PRELIMINARY 


microCMOS 


General Description 

These edge triggered flip-flops utilize microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS, to implement D- 
type flip-flops. They possess high noise immunity, low pow- 
er, and speeds comparable to low power Schottky TTL cir- 
cuits. This device contains 8 master-slave flip-flops with a 
common clock and common clear. Data on the D input hav- 
ing the specified setup and hold times is transferred to the Q 
output on the low to high transition of the CLOCK input. The 
CLEAR input when low, sets all outputs to a low state. 
Each output can drive 10 low power Schottky TTL equiva- 
lent loads. The MM54HC273/MM74HC273 is functionally 
as well as pin compatible to the 54LS273/74LS273. All in- 
puts are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Connection Diagram 

Dual-ln-Llne Package 



CLEAR Q1 D1 02 02 03 03 0< 04 CND 

TL/F/5331-1 

MM54HC273/MM74HC273 
54HC273 (J) 74HC273 (J,N) 


Truth Table 

(Each Flip-Flop) 


Inputs 

Outputs 

Clear 

Clock 

D 

Q 

L 

X 

X 

L 

H 

T 

H 

H 

H 

T 

. L 

L 

H 

L 

X 

Qo 


H = High level (steady state) 

L = Low level (steady state) 

X = Don’t Care 

t “ Transition from low to high level 

Qfl “ The level of Q before the indicated steady- 

state input conditions were established 


Features 

■ Typical propagation delay: 18 ns 
B Wide operating voltage range 
B Low input current: 1 )xA maximum 
n Low quiescent current: 80 jaA (74 series) 
B Output drive: 10 LSTTL loads 


Logic Diagram 
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MM54HC273/74HC273 


Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) -0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5to Vcc+1-5V 

DC Output Voltage (Vqijt) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (l|K, Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ±50 mA 

Storage Temperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260‘’C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 



Min • 

Max 

Units 

Supply Voltage (Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 

Vcc 

V 

MM74HC 

-40 

+ 85 

-c 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

"C 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 toBS'C 

54HC 

TA=-55to125°C 

Units 







Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 



V 


Input Voltage 




3.15 



■■ 




KtiW 


4.2 



m 

V|L 

Maximum Low Level 




mm 

0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

■■ 




l;l«9 


1.2 

1.2 

1.2 

■■ 

Vqh 

Minimum High Level 

V|N = V|H or V|L 

Hi 







Output Voltage 

ilouTl^20 ^A 


2.0 

1.9 

1.9 

1.9 

V 




^H9 

4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9. 

5.9 

V 



V|n = V|h or V|L 
|louTl^4.0mA 

QJI 

4.2 

3.98 

1 

3.7 

V 



|IoutI^' 5.2 mA 

BO 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 








Output Voltage 

|IoutI^20 /liA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|n = V|h or V|L 








‘ 

ilouTl^4mA 

4.5V 

0.2 


0.33 

0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

•in' 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

-±1.0 

fiA 

, Icc 

Maximum Quiescent 

V|N — VccorGND 

6.0V 


8 

80 

160 

juA 


Supply Current 




i 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 


Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|i_ occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25*c, cl=i5 pf, tr=tf=6 ns (Note 6) 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 
Delay, Clock to Output 

tpHL 

Maximum Propagation 
Delay, Clear to Output 

tREM 

Minimum Removal Time, 
Clear to Clock 

ts 

Minimum Set Up Time 
Data to Clock 

tH 

Minimum Hold Time 

Clock to Data 

tw 

Minimum Pulse Width 
Clock or Clear 



Typ 

Guaranteed 

Limit 

Units 

50 

30 

MHz 

18 

27 

ns 

18 

27 

ns 

10 

20 

ns 

10 

20 

ns 

-2 

0 

ns 

10 

16 

ns 



AC Electrical Characteristics Cl =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Ta = 25»C 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

tPHL. tPLH 

Maximum Propagation 
Delay, Clock to Output 

tpHL 

Maximum Propagation 
Delay, Clear to Output 

tREM 

Minimum Removal Time 
Clear to Clock 

ts 

Minimum Set Up Time 
Data to Clock 

tH 

Minimum Hold Time 

Clock to Data 

tw 

Minimum Pulse Width 
Clock or Clear 

tr.tf 

Maximum Input Rise and 
Fall Time 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 


Conditions 


74HC 54HC 

TA=-40to85°C TA=-55to125°C 





Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc^ t+lcc ^cc. and no load dynamic current consumption, 
ls=CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC280/74HC280 



National 

Semiconductor 


MM54HC280/MM74HC280 

9-Bit Odd/Even Parity Generator/Checker 




microCMOS 


General Description 

The MM54HC280/MM74HC280 utilizes microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits. It possesses the ability to 
drive 10 LS-TTL loads. 

This parity generator/checker features odd/even outputs to 
facilitate operation of either odd or even parity applications. 
The word length capability is easily expanded by cascading 
devices. The 54HC/74HC logic family is speed, function, 
and pinout compatible with the standard 54LS/74LS family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

■ Typical propagation delay: 28 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 fiA maximum {74HC) 

■ Low input current: 1 p.A maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-ln-Line Package 


Vcc 



TOP VIEW 

TL/F/5121-1 

MM54HC280/MM74HC280 
54HC280 (J) 74HC280 (J,N) 


Function Table 


Numbers of Inputs A 

Outputs 

thru 1 that are High 

XEven 

ZOdd 

0, 2, 4, 6, 8 


L 

1.3, 5, 7, 9 


H 


H = high level, L= low level 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pd) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1.5V 
— 0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150'“C 
500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

icc 

Maximum Quiescent 
Supply Current 



Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5 V 
Vcc = 6.0V 


Ta=25“C 


Typ 



Guaranteed Limits 

1.5 

1.5 


1.5 

3.15 

3.15 


3.15 




V|N = V|H or V|L 
|IoutI^20 


V|N = ViH orViL 
1IoutI^ 4.0 mA 
jl0UTi^5-2 mA 


V|N = V|H orViL 
|IoutI^ 20 fiA 


V|N = V|HorV|L 
|IoutI^ 4.0 mA 
||outI^ 5-2 mA 


V|N = VccOrGND 6.0V 


IOUT = 0 jxA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/'C from SS'C to 85°C: ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC280/74HC280 


AC Electrical Characteristics vcc=5v. ta=25'’c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay, Data to 2 Even 


26 

35 

ns 

tPHL. tPLH 

Maximum Propagation 
Delay, Data to 1 Odd 


26 

35 

ns 


AC Electrical Characteristics Vcc=2.0V to e.OV, Cl=50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25^ 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125“C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 



103 

205 

258 

305 

■ai 


Delay, Data to 2 Even 


iSii 

21 

41 

52 

61 

■9 





17 

35 

44 

52 

ns 


Maximum Propagation 



103 

205 

258 

305 

ns 

umi 

Delay, Data to 2 Odd 



21 

41 

52 

61 

ns 

^■1 




17 

35 

44 

52 

ns 

tTLH. tTHL 

Maximum Output Rise 


UiM 

30 

75 

95 

110 

ns 


and Fall Time 



6 

15 

19 

22 

ns 





7 

13 

16 

19 

ns 

CpD 

Power Dissipation 







pF 


Capacitance (Note 5) 








C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 


Note 5: Cpp determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagram 
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National 
Semiconductor 

MM54HC283/MM74HC283 
4-Bit Binary Adder with Fast 

General Description 

This full adder performs the addition of two 4-bit binary num- 
bers utilizing microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. The sum (2) outputs are provided for 
each bit and the resultant carry (C4) is obtained from the 
fourth bit. These adders feature full internal look ahead 
across all four bits. This provides the system designer with 
partial look-ahead performance at the economy and re- 
duced package count of a ripple-carry implementation. 

The adder logic, including the carry, is implemented in its 
true form meaning that the end-around carry can be accom- 
plished without the need for logic or level inversion. All in- 
puts are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


PRELIMINARY 


Carry 

Features 



■ Full-carry look-ahead across the four bits 

■ Systems achieve partial look-ahead performance 
with the economy of ripple carry 

■ Wide supply range: 2V to 67 

■ Low quiescent power consumption: 8 jxA at 25°C 

■ Low input current: <1 p,A 

Typical Add Times 
Two Two 

8-Blt 16-Blt 

Words Words 

25 ns 45 ns 


Connection Diagram 


Dual-ln-Llne Package 

Vcc A3 Z3 A4 B4 ::;4 C4 



54HC283 (J) 74HC283 (J,N) 


Truth Table 


Input 

Output 

When 

CO “ L 

When 

CO = H 

When 
C2 = L 

When 
C2 = H 

A1 I A3 

B1 I B3 

A2 I A4 

B2 I B4 

21 1 23 

22 1 24 

C2 1 C4 

21 1 23 

22 1 24 

o 

O 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H- 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 


H = High Level, L = Low Level 


Note Input conditions at A1 , B1 , A2, B2, and CO are used to determine outputs 21 and 22 and the value of the 
internal carry C2. The values at C2, A3, B3, A4, and B4 are then used to determine outputs 23, 24, and C4 
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MM54HC283/74HC283 


Absolute Maximum Ratings (Notes i & 2 ) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (l|[<, Iqk) ±20mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T l) (Soldering 10 seconds) 260‘’C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vout) 




Operating Temperature RangefTA) 



MM74HC 

-40 

+ 85 

°c 

MM54HC 

-55 

+ 125 

°c 

Input Rise or Fall Times 




(tr.tf) Vcc=2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

TA=-40to 85°C 

54HC 

Ta= -55to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 


2.0V 


1.5 



V 


Input Voltage 


4.5V 


3.15 



V 




6.0V 


4.2 



V 

V|L 

Maximum Low Level 





0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

VoH 

Minimum High Level 

V|N = V|HOrV|L 

■■ 







Output Voltage 

|IoutI^20 hA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutN 5.2 mA 

KtiM 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 

Hi 







Output Voltage 

|IoUtI^20 p,A 

mi 

0 

0.1 

0.1 

0.1 

V 




BSI 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|(v| = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

ju,A 

icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

ju-A 


Supply Current 

IOUT = 0 








Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: —12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5,5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl= 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay From CO to 21 or 22 

*PHL. tpLH 

Maximum Propagation 

Delay From CO to 23 

tpHL. tpLH 

Maximum Propagation 

Delay From CO to 24 

tpHL. tPLH 

Maximum Propagation 

Delay From A| or B| to 2| 

tpHL. tpLH 

Maximum Propagation 

Delay From CO to C4 

tpHL. tpLH 

Maximum Propagation 

Delay From A| Or Bi to C4 


Conditions Typ 


16 



AC Eiectrical Characteristics Cl =50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta- 

25“C 

74HC 

TA=-40to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 


wm 

60 

150 

188 

225 

ns 


Delay From CO to 21 or 22 



21 

30 

37 

45 

ns 





18 

26 

32 

39 

ns 

tpHL.tpLH 

Maximum Propagation 



60 

150 

188 

225 

ns 


Delay From CO to 23 



21 

30 

37 

45 

ns 





18 

26 

32 

39 

ns 

tpHL. tPLH 

Maximum Propagation 


wm 

60 

150 

188 

225 

ns 


Delay From CO to 24 



21 

30 

37 

45 

ns 





18 

26 

32 

39 

ns 

tPHL. tpLH 

Maximum Propagation 



60 

150 

188 

225 

ns 


Delay From A| or B| to 2| 



21 

30 

37 

45 

ns 





18 

26 

32 

39 

ns 

tPHL.tPLH 

Maximum Propagation 



52 

125 

156 

188 

ns 


Delay From CO to C4 


mi 

17 

25 

31 

38 

ns 





14 

21 

26 

31 

ns 

tpHL. tPLH 

Maximum Propagation 



56 

130 

162 

195 

ns 


Delay From A| or Bi to C4 



18 

26 

32 

39 

ns 





14 

22 

27 

33 

ns 

tTHL. tTLH 

Maximum Output 


^^9 

28 

H 

95 

110 

ns 


Rise and Fall Time 



8 

o 

19 

22 

ns 





7 

13 

16 

19 

ns 

C|N 

Maximum Input 



5 

10 

10 

10 

fF 


Capacitance 








CpD 

Power Dissipation 





1 


fF 


Capacitance (Note 5) 









Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
Is = Cpo Vcc Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


PRELIMINARY 



microCMOS 


MM54HC292/MM74HC292, MM54HC294/MM74HC294 
Programmable Frequency Dividers/Digital Timers 


General Description 

These high speed dividers/timers utilize microCMOS Tech- 
nology, 3.5 micron silicon gate P-well CMOS. They possess 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, as well as the ability to 
drive 10 LS-TTL loads. 

These programmable frequency dividers/digital timers con- 
tain 31 flip-flops (’HC292) or 15 flip-flops {’HC294) plus 30 
gates on a single chip. The count modulo is under digital 
control of the inputs provided. 

Both types feature an active-low clear input to initialize the 
state of all flip-flops. To facilitate incoming inspection, test 
points are provided (TP1, TP2, and TP3 on the ’HC292 and 
TP on the ’HC294). These test points are not intended to 
drive system loads. Both types feature two clock inputs; ei- 
ther one may be used for clock gating. (See the truth table 
below.) 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Count divider chain 

■ Digitally programmable from 22 to 2^ 

(n = 31 for ’HC292, n = 15 for ’HC294) 

■ Usable frequency range from DC to 30 MHz 

■ Wide operating voltage range: 2V-6V 

■ Low input current: 1 maximum 

■ Low quiescent current: 80 jxA maximum 

■ Easily cascadable 

■ Output drive capability: 10 LS-TTL loads 


Connection Diagrams 


Dual-ln-Llne Package 


Dual-ln-Llne Package 




54HC292 (J) 74HC292 (J,N) 


54HC294 (J) 74HC294 (J,N) 


Truth Table 


CLEAR 

CLK1 

CLK2 

Q OUTPUT MODE 

L 

X 

X 

Cleared to L 

H 

T 

L 

Count 

H 

L 

T 

Count 

H 

H 

X 

, Inhibit 

H 

X 

H 

Inhibit 


MM54HC292/74HC292 

MM54HC294/74HC294 








MM54HC292/74HC292 

MM54HC294/74HC294 


Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) —1.5 to Vcc+1-5V 

DC Output Voltage (Vqijt) ~ 0-5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) ~ SS^C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C ' 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Suppiy Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Pali Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Max 

Units 

6 

V 

Vcc 

V 

+ 85 

'C 

+ 125 

"C 

1000 

ns 

500 

ns 

400 

ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'C 

74HC 

Ta=- 40 to 85“C 

54HC 

Ta=- 55 to125'’C 

Units 








Typ 


Guaranteed Limits 


V|H 

Minimum High Level 



■ 

1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 



m 


0.3 

0.3 

V 


Input Voltage 




^^9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|n = V|h orV|L 

M 







Output Voltage 

|IoutI^20 ixA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
IIoutI^^.O mA 


4.2 

3.98 

3.84 

3.7 

V 



l•0UTl^5.2 mA 


5.7 

5.48 

5.34 

5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H orViL 

M 







Output Voltage 

|IoutI^20 fiA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 

1 

0.2 



0.4 

V 



|louTl^5.2mA 


0.2 



0.4 

V 

•in 

Maximum Input 
Current 

V|N = VccorGND 

6.0V 


±0.1 

±1.0 

±1.0 

/xA 

•cc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

p,A 


Supply Current 

•OUT = 0 pA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh- Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively. (The Vih value at 5.5V Is 3.65V.) The worst case leakage current (I|n. 
Ice. arid Iqz) occur for CMOS at the higher voitage and so the 6.0V vaiues shouid be used. 
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AC Electrical Characteristics vcc=5v, ta=25°c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

tPHL. tpLH 

Maximum Propagation 

Delay, CLK1, CLK2 to Q Output 


80 

120 

ns 

tpHL. tpLH 

Maximum Propagation 

Delay, CLK1, CLK2 to TP Output 


80 


ns 

tpHL 

Maximum Propagation 

Delay, CLR to Q Output 


80 


ns 

*PHL 

Maximum Propagation 

Delay, CLfl to TP Output 

CLR to 

TP Output 

80 


ns 

tREM 

Minimum Removal Time, 

CLR to CLK1,CLK2 

CLR to 
CLK1,CLK2 

'io 

20 

ns ' 

tw 

Minimum Pulse Width 

CLR to CLK1, CLK2 

CLK1, CLK2 

10 

16 

ns 


AC Electricai Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85X 

54HC 

Ta=-55 ^125^ 

Units 

EHl 

Guaranteed Limits 

^MAX 

Maximum Operating 



10 

5 

4 

3 

,MHz 


Frequency 



45 

27 

21 

18 

MHz 





50 

32 

25 

21 

MHz 

tpHL. tPLH 

Maximum Propagation 



300 




ns 


Delay, CLK1,CLK2 to 



80 




ns 


Q Output 



70 




ns 

tpHL. tpLH 

Maximum Propagation 



380 




ns 


Delay, CLK1, CLK2 to 



80 




ns 


TP Output 



70 




ns 

tpHL 

Maximum Propagation 



380 

■■■ 



ns 


Delay, CLR to 



80 




ns 


Q Output 



70 




ns 

tpHL 

Maximum Propagation 



380 

imi 



ns 


Delay, CLR to TP 



80 




ns 


Output 



70 




ns 

tREM 

Minimum Removal Time 


pirn 

■npi 

100 

125 

150 

ns 


CLR to CLK1, CLK2 


E)i^ 


20 

25 

30 

ns 






17 

21 

25 

ns 

tTHL. tTLH 

Maximum Output Rise 

• 


30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 


(Q Output) 



7 

13 

16 

19 

ns 

tw 

Minimum Pulse Width 



30 

80 

100 

120 

ns 


CLR, CLK1, CLK2 



10 

16 

20 

24 

ns 





9 

14 

18 

20 

ns 

tr.tf 

Maximum Input Rise and 


M 


1000 

1000 

1000 

ns 


Fall Time 




500 

500 

500 

ns 






400 

400 

400 

ns 

CpD 

Power Dissipation 







pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pp=CpD Vpc^ t+lcc Vcc. and the no load dynamic current consumption, 
Is = CpD Vcc t + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Operation 

A brief look at the digital timing capabilities will show that 
with a 1-MHz input frequency, programming for 2^° will give 
a period of 1.024 ms, and 220 will give a period of 1.05s, 226 
will give a period of 1.12 min, and 231 will give a period of 
35.79 min. 

The functional block diagram shows that the count modulo 
is controlled by an X/Y decoder connected to the mode- 
control inputs of several flip-flops. These flip flops with 
mode controls each have a “D” input connected to the par- 
allel clock line and a “T" input driven by the preceding 
stage. The parallel clock frequency is always the input fre- 
quency divided by four. 

The X/Y decoder output selected by the programming in- 
puts goes low. While a mode control is low, the “D” input of 
the flip-flop is enabled, and the signal from the parallel clock 
line (fiN‘^4) is passed to the “T” input of the following 
stage. All the other mode controls are high enabling the “T” 
inputs and causing each flip-flop in turn to divide by two. 



Functional Block Diagram (Positive Logic) 

’HC292 
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Programming 

Inputs 




’HC292 Function Table 


Frequency Division 


TP1 


Inhibit 

Inhibit 

29 

29 



H H H L L 
H H H L H 
H H H H L 
H H H H H 


1,048,576 

2,097,152 

4,194,304 

8,388,608 


16,777,216 

33,554,432 

67,108,864 

134,217,728 


268,435,456 

536,870,912 

1,073,741,824 

2,147,483,648 


Binary 

Decimal 

Inhibit 

Inhibit 

Inhibit 

Inhibit 

217 

131,072 

217 

131,072 


217 

131,072 

217 

131,072 


217 

131,072 

217 

131,072 

217 

131,072 

• 217 

131,072 

Disabled Low 

Disabled Low 

23 

8 

23 

8 

25 • 

32 

25 

32 

27 

128 

27 

128 

29 

512 

23 

512 


nhibit Inhibit 

nhibit Inhibit 

224 16,777,216 

224 16,777,216 


224 16,777,216 

224 16,777,216 

224 16,777,216 

224 16,777,216 



131,072 

131,072 


16,384 

16,384 

65,536 

65,536 


262,144 

262,144 

1,048,576 

1,048,576 


4,194,304 

4,194,304 

16,777,216 

16,777,216 


cn cn 

4 :^ 

X X 

oo 

to to 
(O to 
4^ to 

X X 

oo 

to to 

(D (O 

^ to 



1 
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Functional Block Diagram (Positive Logic) 


’HC294 



Programming Inputs 

Frequency Division 

Q 

TP 

D 

C 

B 

A 

Binary 

Decimal 

Binary 

Decimal 

mm 

L 

L 

L 

Inhibit 

Inhibit 

Inhibit 

Inhibit 

■■ 

L 

L 

H 

Inhibit 

Inhibit 

Inhibit 

Inhibit 


L 

H 

L 

22 

4 

29 

512 

■■ 

L 

H 

H 

23 

8 

29 

512 

L 

H 

L 

L 

24 

16 

29 

512 

L 

H 

L 

H 

25 

32 

29 

512 

L 

H 

H 

L 

26 

64 

29 

512 

L 

H 

H 

H 

27 

128 

Disabled Low 

H 

L 

L 

L 

28 

256 

22 

4 

H 

L 

L 

H 

29 

512 

23 

8 

H 

L 

H 

L 

210 

1,024 

24 

16 

H 

L 

H 

H 

211 

2,048 

25 

32 

H 

H 

L 

L 


4,096 

26 

64 

H 

H 

L 

H 


8,192 

27 

128 

H 

H 

H 

L 


16,384 

28 

256 

H 

H 

H 

H 


32,768 

29 

512 
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MM54HC298/MM74HC298 
Quad 2-Multiplexers With Storage 


PRELIMINARY 


microCMOS 


General Description 

These high speed quad two input multiplexers with storage 
utilize microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS. Both circuits feature high noise immunity and 
low power consumption associated with CMOS circuitry, 
along with speeds comparable to low power Schottky TTL 
logic. 

These circuits are controlled by the signals WORD SELECT 
and CLOCK. When the WORD SELECT input is taken low 
Word 1 (A1, B1, C1 and D1) is presented to the inputs of the 
flip-flops, and when WORD SELECT is high Word 2 (A2, B2, 
C2 and D2) is presented to the inputs of the flip-flops. The 
selected word is clocked to the output terminals on the neg- 
ative edge of the clock pulse. 


Connection and Logic Diagrams 

Dual-ln-Llne Package 
OUTPUTS 

DATA 

' " ' WORD INPUT 

Vcc Qa Qb Qc Oo clock select Cl 



DATA INPUTS 
TOP VIEW 

MM54HC298/MM74HC298 
54HC298 (J) 74HC298 (J,N) 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

n Typical propagation delay. 

Clock to output: 20 ns 
a Wide power supply range: 2V-6V 
B Low quiescent current: 

80 ixA maximum (74HC series) 

B Low input current: 1 p.A maximum 




Truth Table 


Inputs 

Outputs 

Word 

Select 

Clock 

Qa 

Qb 

Qc 

Qd 

L 

4. 

a1 

b1 

cl 

d1 

H 

i 

a2 

b2 

c2 

d2 

X 

H 

Qao Qbo Qco Qdo| 


H = High Level (steady state) 

L = Low Level (steady state) 

X = Don’t Care (any input, including transitions) 
4- = Transition from high to low level 
at, a2, etc. = The level of steady-state Input at 
At , A2, etc. 

Qao. Qbo. eta- = The level of Qa, Qb. etc. en- 
tered on the most recent 4- transition of the 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5to Vcc+1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150'“C 
Power Dissipation (Pc) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

+ 85 

"O 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

°c 

(tr.tf) Vcc=2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

— 1 
^25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125'’C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

n 


Input Voltage 




3.15 

3.15 

3.15 





BUM 


4.2 

4.2 

4.2 


V|L 

Maximum Low Level ' 





0.3 

0.3 

n 


Input Voltage 





0.9 

0.9 







1.2 

1.2 

1.2 

■■ 

VOH 

Minimum High Level 

V|N = V|H orViL 

Mi 







Output Voltage 

|IoutN 20 p,A 


2.0 

1.9 

1.9 

1.9 

V 




^^9 

4.5 

4.4 

4.4 

4.4 

■■ 




wmM 

6.0 

5.9 

5.9 

5.9 

n 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 

3.84 

3.7 

V 



il0UTi^5-2 mA 

6.0V 

5.7 

5.48 

5.34 

5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 

Mi 







Output Voltage 

|IoutI^20 ju,A 

mi 

0 

0.1 

0.1 

0.1 

V 




iSSi 

0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 . 

V 



V|N = V|HOrV|L 
|IoutI^ 4 mA 

4.5V 

0.2 



0.4 

V 



|l0UTi^5.2 mA 

6.0V 

mm 

1^9 


0.4 

V 

l|N 

Maximum Input 
Current 

V|N — Vcc O'" GND 

6.0V 


±0.1 

±1.0 

±1.0 

/liA 

Icc 

Maximum Quiescent 

V|N — Vcc O'" GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

•OUT=0 fA 








Note 1: Absolute Meiximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless othenvise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (Vqh- and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and Vjl occur at Vcc “ 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

Note 5: CpD determines the no load dynamic power consumption, PQ=Cp 0 Vqq 2 I+Iqc '^CC’ *°ad dynamic current consumption, 

ls=Cpo Vcc f+lcc/ 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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AC Electrical Characteristics 

Vcc=5V. Ta=25”C, Cl=15 pF. V=tf=6 ns 


Parameter 

tpLH 

Propagation Delay Time, 
Low-to-High Level Ouput 

fpHL 

Propagation Delay Time, 
High-to-Low Level Output 

tw 

Width of Clock Pulse, 

High or Low Level 

fSETUP 

Setup Time 

Data 



Word Select 

fROLD 

Hold Time 

Data 



Word Select 


Conditions 



AC Electrical Characteristics 

Cl= 50 pF, tr=t(=6 ns 



Conditions Vcc 


tpLH Propagation Delay Time 
Low-to-High Level 
Output 


tpHL Propagation Delay Time 
High-to-Low Level 
Output 


Width of Clock Pulse 
High or Low Level 


fTHL>tTLH Maximum Output Rise 
and Fall Time 


tSETUP Set-up Time 



CpD Power Dissipation 

Capacitance (Note 5) 


C|N Maximum Input 
Capacitance 


S4HC/74HC 

74HC 

54HC 


Ta= 

25*C 

TA=-40to85“C 

Ta=- 55 to125*C 

Units 

Typ 

Guaranteed Limits 


75 

185 

231 

278 

ns 

25 

37 

46 

56 

ns 

20 

31 

39 

47 

ns 

75 

185 

231 

278 

ns 

25 

37 

46 

56 

ns 

20 

31 

39 

47 

ns 

35 

80 

100 

120 

ns 

10 

16 

20 

24 

ns 

9 

14 

18 

21 

ns 

90 

75 

95 

110 

ns 

8 

15 

19 

22 

ns 

7 

13 

16 

19 

ns 

35 

100 

125 

150 

ns 

5 

20 

25 

30 

ns 

4 

17 

21 

25 

ns 

40 

100 

125 

150 

ns 

10 

20 

25 

30 

ns 

9 

17 

21 

25 

hs 
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Typical Applications 

Figure 1 illustrates a BCD shift register that will shift an en- 
tire 4-bit BCD digit in one clock pulse. 

When the word select input is high and the registers are 
clocked, the contents of register 1 is transferred (shifted) to 
register 2, etc. In effect, the BCD digits are shifted one posi- 
tion. In addition, this application retains a parallel-load capa- 
bility which means that new BCD data can be entered into 
the entire register with one clock pulse. This arrangement 
can be modified to perform the shifting of binary data for any 
number of bit locations. 


Another function that can be implemented with the 
MM54HC298/MM74HC298 is a register that can be de- 
signed specifically for supporting multiplier or division opera- 
tions. Figure 2 is an example of a one place/two place shift 
register. 

When word select is low and the register is clocked, the 
outputs of the arithmetic/logic units (ALU’s) are shifted one 
place. When word select is high and the registers are 
clocked, the data is shifted two places. 


PARALLEL LOAD 



Dion’ 1 Diarr 2 diqit 3 


TL/F/5334-3 

FIGURE 1 
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MM54HC299/MM74HC299 

8-Bit TRI-STATE® Universal Shift Register 

General Description 

This 8-bit TRI-STATE shift/storage register utilizes micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 

Along with the low power consumption and high noise im- 
munity of standard CMOS integrated circuits, it has the abili- 
ty to drive 1 5 LS-TTL loads. This circuit also features operat- 
ing speeds comparable to the equivalent low power 
Schottky device. 

The MM54HC299/MM74HC299 features multiplexed in- 
puts/outputs to achieve full 8-bit data handling in a single 
20-pin package. Due to the large output drive capability and 
TRI-STATE feature, this device is ideally suited for interfac- 
ing with bus lines in a bus oriented system. 

Two function select inputs and two output control inputs are 
used to choose the mode of operation as listed in the func- 
tion table. Synchronous parallel loading is accomplished by 
taking both function select lines SO and S1 high. This places 
the TRI-STATE outputs in a high impedance state, which 




microCMOS 


permits data applied to the input/output lines to be clocked 
into the register. Reading out of the register can be done 
while the outputs are enabled in any mode. A direct overrid- 
ing CLEAR input is provided to clear the register whether 
the outputs are enabled or disabled. 

The 54HC/74HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
' internal diode clamps to Vcc and ground. 

Features 

n Typical operating frequency 40 MHz 

□ Typical propagation delay: 20 ns 

a Low quiescent current: 80 juA maximum (74HC) 

□ High output drive for bus applications 

□ Low quiescent current: 1 jiA maximum 


Connection Diagram 

Dual-ln-Llne Package 


SHin SHIFT 

LEH RIGHT 

Vcc SI St Oh' H/Oh F/Of D/Od B/Qj CLOCK SR 


u 

19 

18 

17 

16 

15 

14 

13 

12 

11 













o 


SI SL Oii H/Oh F/Of D/Oo 8/Oe CK'^ 

SO SR 

G G/Q« E/Qe C/Oc A/Qa Qa CLEAR 

- 


_J 












n 


4 

5 

6 

7 

n 

9 |10 


SO Si tif .G/Og e/Qe c/Oc a/Oa Oa' clear GND 


OUTPUT 

CONTROLS TL/F/5207-1 

TOP VIEW 


MM54KC299/MM74HC299 
54HC299 (J) 74HC299 (J,N) 

Function Table 



1 Inputs { 

1 Inputs/Outputs 1 

1 Outputa 



Function 

Output 














Mode 

Clear 

Select 

Control 

Clock 

Serial 

A/Qa 

B/Qb 

C/Qc 

D/Qd 

E/Qe 

F/Qp 

Q/Qq 

H/Qh 

Qa’ 

Qh- 



SI 

SO 

5Tt 

52T 


SL 

SR 











Clear 

mm 

n 

n 

mm 

n 

m 

n 

X 

L 

L 

L 

L 

L 

L 

L 

L 

n 

mm 

Hi 

H 

n 

H 

H 

mM 

H 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

Hold 

H 

n 

n 

n 

n 

X 

H 

X 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qpo 

Qgo 

Oho 

Qao 

Qho 

H 

n 

H 

Di 

n 

LorH 

n 

X 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qfo 

Qgo 

Qho 

Qao 

Qho 

Shift Right 

H 

n 

n 

n 

n 

n 

X 

H 

H 

^An 

Qsn 

Qcn 

Qon 

Qen 

Opn 

Qcn 

H 

Qgn 

H 

n 

n 

n 

■■ 

■■ 

X 

H 

L 

^An 

Qsn 

Qcn 

Qon 

Qeo 

QFo 

Qgo 

L 

Qgn 

Shift Left 

H 

H 

L 

n 

n 

n 

11 

X 

Qsn 

Qcn 

Qon 

ClEn 

Qpn 

Ocn 

Qhn 

H 

Qon 

H 

H 

H 

L 

n 

n 

Bfl 

n 

X 

Qsn 

Qcn 

Qon 

Qen 

Qpn 

ClGn 

Qho 

H 

Qsn 

L 

Load 

mm 

H 

H 

1 X 

X 1 

1 T 1 


X 

a 

b 

c 

d 

0 

f 

g 

h 

a 

h 


tWhen one or both controls are high the eight input/output terminals are disabled to the high-impedance state: however, sequential operation or clearing of 
the register is not affected. 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to -f-7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc+T5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (Iqd) 

±20mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25 mA(QA%QH‘) 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

“C 


±35 mA (others) 

MM54HC 

-55 

+ 125 

“C 

DC Vcc or GND Current, per pin (Icc) 

±70 mA 

Input Rise or Fall Times 




Storage Temperature Range (Tstg) 

-65“Cto +150‘’C 

(tr.tf), Vcc == 2.0V 


1000 

ns 

Power Dissipation (Pn) (Note 3) 

500 mW 

Vcc=4.5V 


500 

ns 

Lead T emperature (T l) (Soldering 1 0 seconds) 260“C 

Vcc=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

:25“C 

74HC 

Ta=- 40 to 85'C 

miQjQiiiiiii 

Units 

EH 

Guaranteed Limits 

V|H 

Minimum High Level Input 


2.0V 

■ 

1.5 

1.5 

1.5 

V 


Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




6.0V 

H 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

V 


Voltage 


4.5V 


^^9 

0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

|IoutI^20 /xA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 


Qa’ & Qh’ Outputs 

V|N = V|H or V|L 






V 



|IoutI^ 4.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 5.2 mA 

6.0V 

5.7 

5.48 


5.2 

V 


A/Qa thru H/Qh Outputs 

V|n = V|h or V(L 






V 



|IoutI^ 6.0 mA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 7.8 mA 

6.0V 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|n==V|h orViL 


■ 






Output Voltage 

|IoutI^ 20 fiA 

2.0V 

D 

0.1 

0.1 

0.1 

V 




4.5V 


0.1 

0.1 

0.1 

V 




6.0V 

O 

0.1 

0.1 

0.1 

V 


Qa’ and Qh’ Outputs 

V|N=V|H orViL 






V 



|l0UTl^4mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 


A/Qa thru H/Qh Outputs 

V|N = V|H OrV|L 






V 



|IoutI^ 6 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 7.8 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input Current 

V|N~VccorGND 

6.0V 


±0.1 

±1.0 

±1.0 

pA 

loz 

Maximum TRI-STATE 

VouT=Vccor 

6.0V 

■ 

±0.5 

±0.5 

±1.0 

fiA 


Output Leakage 

GND 








Current 

S = V|H 







Icc 

Maximum Quiescent Supply 

V|N = VccorGND 

6.0V 


8.0 

80 

160 

fA 


Current 

IOUT = 0pA 








Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/"C from 65°C to 85”C; ceramic "J" package: -12 mW/°C from 
10O°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case Vm and V|l occur at Vcc^S-SV and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst-case leakage current 
(l|N. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


1-252 









































































AC Electrical Characteristics vcc=5v, ta=25»c. tr=t,=6 ns, cl=45 pf 


Symbol 


^MAX 


tpHL. tPLH 


tpHL 


tpHL. tpLH 


tpHL 


tpZL. tpZH 


tpHZ. tPLZ 


ts 



Maximum Operating 
Frequency 


Maximum Propagation 
Delay, Clock to Qa- or Qh' 


Maximum Propagation 
Delay, Clear to Qa* or Qh- 


Maximum Propagation 
Delay Clock to Qa-Qh 


Maximum Propagation 
Delay, Clear to Qa-Qh 


Maximum Enable Time 


Maximum Disable Time 


Minimum Set-Up | Select 
Time 


Minimum Hold 
Time 


Minimum Pulse Width 


Clear Removal Time 


Symbol 

Parameter 

^MAX 

Maximum Operating Frequency 

tpHL. tpLH 

Maximum Propagation 

Delay Clock to Qa* orOn- 

tpHL 

Maximum Propagation 

Delay Clear to Qa- orQn’ 

tpHL. *PLH 

Maximum Propagation 

Delay Clock to Qa-Qh 

tpHL 

Maximum Propagation 

Delay Clear to Qa-Qh 



AC Electrical Characteristics Cl= 50 pF, tr=tf=6 ns unless otherwise specified 


Ta=25“C 


Cl = 50 pF 
Cl= 150 pF 


Cl = 50 pF 
Cl=150 pF 


Cl = 50 pF 
Cl= 150 pF 


Cl =50 pF 
Cl=150 pF 


Cl = 50 pF 
Cl= 150 pF 


MM54HC299/74HC299 












































































































































MM54HC299/74HC299 


AC Electrical Characteristic (Continued) 


Cl = 50 pF ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25“C 

74HC 

TA=-40t685'’C 

54HC 

TA=-55to125X 

Units 









Typ 


Guaranteed Limits 


tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 


■ 







Cl=50pF 

2.0V 

m 

160 

200 

225 

ns 



Cl= 150 pF 

2.0V 

IS 

220 

275 

310 

ns 



Cl = 50 pF 


22 

32 

40 

45 

ns 



Cl= 150 pF 


30 

44 

55 

62 

ns 



Cl = 50 pF 

6.0V 

19 

28 

34 

38 

ns 



Cl= 150 pF 

6.0V 

24 

47 

47 

51 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

Rl=i kn 

2.0V 

70 

160 

200 

225 

ns 


. 

Cl =50 pF 

4.5V 

22 

32 

40 

45 

ns 




6.0V 

19 

28 

34 

38 

ns 

ts 

Minimum Set Up Time, 


2.0V 

■ 

100 

125 

140 

ns 


Data Select Sl or Sp 


4.5V 

■ 

20 

25 

28 

ns 




6.0V 

■ 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

■ 

D 

0 

0 

ns 


Data Select, Sl or Sp 


4.5V 

■ 

H 

0 

0 

ns 




6.0V 

■ 

n 

0 

0 

ns 

tpEM 

Minimum Clear Removal Time 


2.0V 

■ 

10 

10 

10 

ns 




4.5V 

■ 

10 

10 

10 

ns 


. 


6.0V 

■ 

10 

10 

10 

ns 

tw 

Minimum Pulse Width, 


2.0V 

■ 

100 

125 

140 

ns 


Clock and Clear 


4.5V 

■ 

20 

25 

28 

ns 




6.0V 

■ 

17 

21 

25 

ns 

tr.tf 

Maximum Input Rise and Fall Time 




500 

500 

500 

ns 

tTHL. tTLH 

Maximum Output Rise 


2.0V 

■ 

60 

75 

90 

ns 


and Fall Time 


4.5V 

■ 

12 

15 

18 

ns 




6.0V 

■ 

10 

13 

15 

ns 

CpD 

Power Dissipation 

Outputs Enabled 


240 




pF 


Capacitance 

Outputs Disabled 


110 




pF 

C|N 

Maximum Input Capacitance 
Capacitance 



5 

10 

10 

1.0 

pF 

Gout 

Maximum TRI-STATE 

Output Capacitance 



15 

20 

20 

20 

pF 


Note 6: Cpo determines the no load dynamic power consumption. Pd=Cpo Vcc^ f+lcc Vcc> and the no load dynamic current consumption, 
ls=CpD Vcc f+ICC' 

Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC299/74HC299 





















MM54HC354/74HC354 

MM54HC356/74HC356 



National 

Semiconductor 



microCMOS 


MM54HC354/MM74HC354, MM54HC356/MM74HC356 
8-Channel TRI-STATE® Multiplexers with Latches 


General Description 

The MM54HC354/MM74HC354 and MM54HC356/ 
MM74HC356 utilize microCMOS Technology, 3.5 micron sil- 
icon gate P-well CMOS. They exhibit the high noise immuni- 
ty and low power dissipation of standard CMOS integrated 
circuits, along with the ability to drive 15 LS-TTL loads. Due 
to the large output drive capability and the TRI-STATE fea- 
ture, these devices are ideally suited for interfacing with bus 
lines in a bus organized system. 

These data selectors/multiplexers contain full on-chip bina- 
ry decoding to select one of eight data sources. The data 
select address is stored in transparent latches that are en- 
abled by a low level address on pin 11, SC. Data on the 8 
input lines is stored in a parallel input/output register which 
in the MM54HC354/MM74HC354 is composed of 8 trans- 
parent latches enabled by a low level on pin 9, DC, and in 
the MM54HC356/MM74HC356 is composed of 8 edge-trig- 
gered flip-flops, clocked by a low to high transition on pin 9, 
CLK. Both true (Y) and complementary (W) TRI-STATE out- 
puts are available on both devices. 


Connection Diagram 

Dual-In-Line Package 

OUTPUT 

OUTPUTS ENABLES SELECT (SC) 


• — ■ — ■ SELECT 

Vcc Y W 03 02 61 SO SI S2 CONTROL 


m 

u 

18 

17 16 

15 1 

14 

13 

m 

1 


nr^ 

1 W 1 





1 

BUFFER - 

ENABLE 1 

L06IC 1 

ADDRESS 

RE6ISTER 

y 

k 


^3 



1^ 1 1 0F 8 SELECTOR | 


, 1^. 

1 0ATARE6ISTER |0-i 


lit- 







rj 

r 

07 

n 
)6 0 

r 

5 

n 

4 0 

n 

3 0 

n 
2 0 

7 

M 

0 OA 

9 |10 

fA GND 


. CONTROL/ 

DATA CLOCK 

INPUTS (OC/CLK) 


TOP VIEW 

TL/F/5208-1 

MM54HC3S4/MM74HC354, MM54HC356/MM74HC356 

54HC354 (J) 74HC354 (J,N) 

54HC356 (J) 74HC356 (J,N) 


The 54HC/74HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS-TTL logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Transparent latches on data select inputs 

■ Choice of data registers: 

Transparent (’354) 

Edge-triggered (’356) 

■ TRI-STATE complementary outputs with fan-out of 15 
LS-TTL loads 

■ Typical propagation delay: 

Data to output (’354): 32 ns 
Clock to output (’346): 35 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent supply current: 80 jiA maximum 

■ Low input current: 1 jiA maximum 


Function Table 


Inputs 

Outputs 

Selectt 

Data 

Control 

'HC354 

DC 

Clock 

’HC356 

CLK 

. Output 
Enables 

SI 

S2 

SO 

Q1 

G2 

G3 

W 

Y 

X 

X 

X 

X 

X 

H 

X 

X 

Z 

Z 

X 

X 

X 

X 

X 

X 

H 

X 

z 

Z 


MM 

a 

X 

X 

X 

X 

L 

z 

z 

H 


11 

L 

T 

L 

L 

H 

DO 

DO 

11 

■■ 

B 

H 

HorL 

L 

L 

H 

DOn 

DOn 

11 

■■ 

B 

L 

t 

L 

L 

H 

D1 

D1 

n 

■■ 

n 

H 

H or L 

L 

L 

H 

D1n 

Din 

L 

H 

L 

L 

T 

L 

L 

H 

D2 

D2 

L 

H 

L 

H 

HorL 

L 

L 

H 

D2n 

D2n 

L 

H 

H 

L 

T 

L 

L 

H 

D3 

D3 

L 

H 

H 

H 

H or L 

L 

L 

H 

D3n 

D3n 

H 

L 

L 

L 

t 

L 

L 

H 

D4 

D4 

H 

L 

L 

H 

HorL 

L 

L 

H 

D4n 

D4n 

H 

L 

H 


T 

L 

L 

H 

D5 

D5 

H 

L 

H 


HorL 

L 

L 

H 

D5n 

D5n 

H 

H 

L 


t 

L 

L 

H 

D6 

D6 

H 

H 

L 

H 

HorL 

L 

L 

H 

D6n 

D6n 

H 

H 

H 

L 

T 

L 

L 

H 

D7 

D7 

H 

H 

H 

H 

HorL 

L 

L 

H 

D7n 

D7n 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

Z = high-impedance state (off state) 

T = transition from low to high level 

DO. . .D7 = the level steady-state inputs at inputs DO through D7, respec- 
tively. at the time of the low-to-high clock transition in the case of ’HCSSS ■ 
D0n...D7n = the level of steady state inputs at inputs DO through D7, 
respectively, before the most recent low-to-high transition of data control or 
clock. 

tThis column shows the input address set-up with SC low. 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5V to + 7.0V 

DC Input Voltage (V|n) -1.5V to Vcc+1-5V 

DC Output Voltage (Vout) ~ 0.5V to Vcc + 0.5V 

Clamp Diode Current (Icd) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc Of GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65'C to + 150“C 

Power Dissipation (Pq) (Note 3) 500 mW 


DC Electrical Characteristics (Note 4) 


Operating Conditions 


-0.5V to +7.0V 


Min 

Max 

Units 

-1.5V to Vcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

-0.5V to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(ViN.Voux) 




±35 mA 

Operating Temperature Range(TA) 



MM74HC 

-40 

+ 85 

'C 

I ± 70 mA 

MM54HC 

-55 

+ 125 

'C 

-65'C to +150'C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc=2.0V 


1000 

ns 

seconds) 260'C 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


Symbol 

Parameter 

V|H 

Minimum High Level Input 
Voltage 

V|L 

Maximum Low Level Input 
Voltage 

Vqh 

Minimum High Level Output 
Voltage 

Vql 

Maximum Low Level Output 
Voltage 

>IN 

Maximum Input Current 

Iqz 

Maximum TRI-STATE Output 
Leakage Current 

Ice 

Maximum Quiescent Supply 
Current 



Ta=25'C 




Guaranteed Limits 

1.5 

1.5 

1.5 

3.15 

3.15 

3.15 


2.0V 2.0 
4.5V 4.5 
6.0V 6.0 


V|N = V|h orViL 
lloUjl^SOfiA 


V|N = ViH orViL 
IIqutI^O.O mA 
1100x1^7.8 mA 


V|N = V|HOr V|L 
1 Iout 1<20 p,A 


V|N = V|H orViL 
llouil^O'O mA 
1100x1^7.8 mA 


V|N~VccorGND 


Si = Vcc 


V||s| = Vcc or GND 

loux = 0fiA 


Note 1; Maximum Ratings are those values beyond which damage to the device may occur. 

Note Z Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: -12 mW/"C from 65°C to BS'C; ceramic "J" package: -12 mW/'C from 
100”C to 125'C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vqu) occur for HC at 4.5V. Xhus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) Xhe worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


±0.1 

±1.0 

±1.0 

fA 

±0.5 

±5.0 

±10 

(lA 

8.0 

80 

160 

}iA 
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MM54HC354/74HC354 

MM54HC356/74HC356 



AC Electrical Characteristics vcc=5v, ta=25°c, tr=tt=6 ns (Note 6) 

MM54HC354/MM74HC3S4 



Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 


tPHL. tpLH 

Maximum Propagation 

Delay D0-D7 to either Output 

Cl = 45 pF 

32 

46 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay DC to either Output 

Cl = 45 pF 

38 

53 

ns 

tpHL. tPLH 

Maximum Propagation 

Delay S0-S2 to either Output 

Cl = 45 pF 

40 

56 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay SC to either Output 

Cl = 45 pF 

42 

58 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl= 1 kft 

Cl = 45 pF 

17 

24 

ns 

tpHZ. tpL2 

Maximum Output Disable Time 

Rl=i kn 

Cl = 5pF 

23 

32 

ns 

ts 

Minimum Set-Up Time 

D0-D7 to DC, S0-S2 to SC 


3 

10 

ns 

tH 

Minimum Hold Time 

D0-D7 to DC, S0-S2 to SC 


0 

5 

ns 

tw 

Minimum Pulse Width, SC or DC 


10 

15 

ns 


MM54HC356/MM74HC356 



Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 


tpHL. tpLH 

Maximum Propagation 

Delay CLK to either Output 

Cl = 45 pF 

35 

50 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay S0-S2 to either Output 

Cl = 45 pF 

40 

56 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay SC to either Output 

Cl = 45 pF 

42 

58 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 

Cl = 45 pF 

17 

24 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

Rl=i kn 
Cl=5pF 

23 

32 

ns 

ts 

Minimum Set-Up Time 

D0-D7 to CLK, S0-S2 to SC 


3 

10 

ns 

tH 

Minimum Hold Time 

D0-D7 to CLK, S0-S2 to SC 


0 

5 

ns 

tw 

Minimum Pulse Width, SC or CLK 


10 

15 

ns 
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AC Electrical Characteristics 

Vcc~2.0-6.0V, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) (Note 6) 


MM54HC354/MM74HC354 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25*0 

74HC 

Ta= -40to85*C 

S4HC 

Ta=- 55 to 125*0 

UnlU 

Typ 

1 Guaranteed Limits 

fpHL. tpLH 

Maximum Propagation 

Cl=50pF 

2.0V 

90 

235 

294 

352 

ns 


Delay D0-D7 to either Output 

Cl = 150 pF 

2.0V 

too 

275 

344 

412 

ns 



Cl = 50pF 

4.5V 

35 

47 

59 

70 

ns 



Cl = 150pF 

4.5V 

40 

55 

68 

83 

ns 



Cl=50pF 

6.0V 

26 

40 

50 

60 

ns 



Cl= 150 pF 

6.0V 

32 

46 

58 

69 

ns 

•PHL. tpLH 

Maximum Propagation 

Cu=50pF 

2.0V 

115 

270 

337 

405 

ns 


Delay DO to either Output 

Cl= 150 pF 

2.0V 

125 

310 

387 

465 

ns 



Cl=50pF 

4.5V 

40 

54 

68 

82 

ns 



Cl = 150 pF 

4.5V 

46 

62 

78 

93 ' 

ns 



Cl = 50 pF 

6.0V 

32 

46 

58 

69 

ns 



Cl = 150 pF 

6.0V 

38 

52 

66 

78 

ns 

tpHL. fpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V i 

120 

285 

356 

427 

ns 


Delay S0-S2 to either Output 

Cl = 150 pF 

2.0V 1 

130 

325 

406 

488 

ns 



Cl =50 pF 

4.5V 

42 

57 

7) 

86 

ns 



Cl=150pF 

4.5V 

50 

65 

81 

97 

ns 



Cl= 5Q pF 

6.0V 

34 

48 

60 

72 

ns 



Cl= 150 pF 

6.0V 

40 

55 

69 

82 

ns 

tpHLi tpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

120 

300 

375 

450 

ns 


Delay SO to either Output 

Cl= 150 pF 

2.0V 

110 

340 

425 

510 

ns 



Cl = 50pF 

4.5V 

45 

60 

75 

90 

ns 



Cl = 150 pF, 

4.5V 

52 

68 

65 

102 

ns 



Cl = 50 pF 

6.0V 

36 

51 

64 

77 

ns 



Cl = 150 pF 

6.0V 

42 

58 

72 

87 

ns 

fpZH. tpZL 

Maximum Output Enable Tims 

Rl = 1 kn 









Cl = 50 pF 

2.0V 

50 

125 

156 

188 

ns 



Cl = 150 pF 

2.0V 

60 

165 

206 

248 

ns 



Cl” 50 pF 

4.5V 

18 

25 

31 

38 

ns 



Cl=150pF 

4.5V 

25 

33 

41 

49 

ns 



Cl=50pF 

6.0V 

15 

21 

26 

32 

ns 



Cl=150pF 

6.0V 

21 

28 

35 

42 

ns 

fpHZ. fpLZ 

Maximum Output Disable Time 

RL=1kn 


68 

165 

206 

248 

ns 



Cl = 50 pF 


24 

33 

40 

46 

ns 





20 

28 

35 

42 

ns 

ts 

Minimum Set-Up Time 


2.0V 

6 

50 

60 

75 

ns 


D0-D7 to DO. S0-S2 to 50 


4.5V 

3 

10 

13 

15 

ns 




6.0V 

3 

10 

13 

15 

ns 

tH 

Minimum Hold Time 


2.0V 

0 

B 

5 

5 

ns 


D0-D7toDO.S0-S2to50 


4.5V 

0 


5 

5 

ns 




6.0V 

0 

B 

5 

5 

ns 

tw 

Minimum Pulse Width 


2.0V 

30 

80 

100 

120 

ns 


SC or DC 


4.5V 

10 

16 

20 

27 

ns 




6.0V 

10 

15 

18 

20 

ns 


Maximum Input Rise and Fall Time 



miiiii 

1000 

1000 

1000 

ns 






500 

500 

500 

ns 






400 

400 

400 

ns 

trUH. tTHL 

Metximum Output Rise 

Cl=50pF 


25 

60 

75 

90 

ns 


and Fall Time 



7 

12 

15 

18 

ns 





6 

10 

13 

15 

ns 

CpD 

Power Dissipation Capacitance 

(per package) 

■jniiiiii 







(Note 5) 

Active 


150 




pF 



TRI-STATE 


50 




pF 

C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 

COUT 

Maximum Output Capacitance 



15 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc* f+lcc Vcc. and the no load dynamic current consumption. 
ls=Cpo Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC354/74HC354 

MM54HC356/74HC356 


AC Electrical Characteristics 

Vcc=2.0-6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


MM54HC356/MM74HC356 


I 

Symbol j 

Parameter 

Conditions 

Vcc 

Ta = 

25*C 

74HC 

TA=-40to85X 

54HC 

Ta=- 55 to125'C 

Units 

Bn 

1 Guaranteed Limits | 

tPHL. tPLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

100 

225 

318 

338 

ns 


Delay CLK to either Output 

Cl= 150 pF 

2.0V 

110 

295 

369 

442 

ns 



Cl = 50 pF 

4.5V 

36 

51 

63 

76 

ns 



Cl= 150 pF 

4.5V 

42 

59 

73 

90 

ns 



Cl= 50 pF 

6.0V 

28 

43 

53 

64 

ns 



Cl= 150 pF 

6.0V 

34 

50 

63 

75 

ns 

tpHL. tPLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

120 

285 

356 

427 

ns 


Delay S0-S2 to either Output 

Cl= 150 pF 

2.0V 

130 

325 

406 

488 

ns 



Cl = 50 pF 

4.5V 

42 

57 

71 

86 

ns 



Cl= 150 pF 

4.5V 

50 

65 

81 

97 

ns 



Cl = 50 pF 

6.0V 

34 

o 

60 

72 

ns 



Cl= 150 pF 

6.0V 

40 


69 

82 

ns 

tpHL. tPLH 

Maximum Propagation 

Cl=50pF 

2.0V 

120 

300 

375 

450 

ns 


Delay SO to either Output 

Cl= 150 pF 

2.0V 

110 

340 

425 

510 

ns 



Cl = 50 pF 

4.5V 

45 

60 

75 

90 

ns 



Cl= 150 pF 

4.5V 

52 

68 

85 

102 

ns 



Cl=50pF 

6.0V 

36 

51 

64 

77 

ns 



Cl= 150 pF 

6.0V 

42 

58 

72 

87 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i ka 

Cl = 50 pF 

2.0V 

50 

125 

156 

188 

ns 



Cl= 150 pF 

2.0V 

60 

165 

206 

248 

ns 



Cl = 50 pF 

4.5V 

18 

25 

31 

38 

ns 



Cl= 150 pF 

4.5V 

25 

33 

41 

49 

ns 



Cl = 50 pF 

6.0V 

15 

21 

26 

32 

ns 



Cl= 150 pF 

6.0V 

21 

28 

35 

42 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

RL=1kn 

2.0V 

68 

165 

206 

248 

ns 



Cl= 50 pF 

4.5V 

24 

33 

41 

- 49 

ns 




6.0V 

20 

28 

35 

42 

ns 

ts 

Minimum Set-Up Time 


2.0V 

6 

50 

50 

50 

ns 

D0-D7 to CLK. S0-S2 to SO 


4.5V 

3 

10 

10 

10 

ns 




6.0V 

3 

10 

10 

10 

ns 

tH 

Minimum Hold Time 


2.0V 

O 

5 

5 

5 

ns 

D0-D7 to CLK. S0-S2 to SO 


4.5V 

mm 

5 

5 

5 

ns 




6.0V 

O 

5 

5 

5 

ns 

tw 

Minimum Pulse Width 


2.0V 

30 

80 

100 

120 

ns 

SO to CLK 


4.5V 

10 

16 

20 

24 

ns 




6.0V 

10 

15 

18 

20 

ns 

tri tf 

Maximum Input Rise and Fall Time 


2.0V 

ig 

1000 

1000 

1000 

ns 




4.5V 


500 

500 

500 

ns 




6.0V 

H 

400 

400 

400 

ns 

tTLH. iTHL 

Maximum Output Rise 

Cl = 50 pF 

2.0V 

25 

60 

75 

90 

ns 


and Fail Time 


4.5V 

7 

12 

15 

^ 18 

ns 




6.0V 

6 

10 

13 

15 

ns 

CpD 

Power Dissipation Capacitance 

(per package) 



n 





(Note 5) 

Active 


150 




pF 



TRI-STATE 


50 




pF 

C|N 

Maximum Input Capacitance 



5 

El 

10 

10 

pF 

Gout 

Maximum Output Capacitance 

* 


O 

IBM 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC354/74HC354 

MM54HC356/74HC356 


















MM54HC354/74HC354 

MM54HC356/74HC356 


Logic Diagram 

HC356 
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National 

Semiconductor . 

microCMOS 

MM54HC365/MM74HC365 Hex TRI-STATE® Buffer 
MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 
MM54HC368/MM74HC368 Inverting Hex TRI-STATE Buffer 


General Description 

These TRI-STATE buffers are general purpose high speed 
inverting .and non-inverting buffers that utilize micro- 
CMOS Technology, 3.5 micron siiicon gate P-weil CMOS. 
They have high drive current outputs which enable high 
speed operation even when driving large bus capacitances. 
These circuits possess the low power dissipation of CMOS 
circuitry, yet have speeds comparable to low power 
Schottky TTL circuits. AH 4 circuits are capable of driving up 
to 15 low power Schottky inputs. 

The MM54/74HC366 and the MM54/74HC368 are inverting 
buffers, where as the MM54/74HC365 and the MM54/ 
74HC367 are non-inverting buffers. The MM54/74HC365 
and theMM54/MM74HC366 have two TR l-STATE control in- 
puts (G1 and G2) which are NORed together to controi all six 


Connection Diagrams Dual-ln-Llne Package 

Vcc S2 A6 Y6 AS YS A4 Y4 

lu lis Ii4 |i3 |i2 |ti lia Ig 


gates. The MM54/74HC367 and the MM54/74HC368 also 
have two output enables, but one epable (ST) controls 4 
gates and the other (S2) controls the remaining 2 gates. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay: 15 ns 
B Wide operating voltage range: 2V-6V 
n Low input current: 1 ;i.A maximum 
B Low quiescent cun'ent: 80 juA maximum (74 series) 

B Output drive capability: 15 LS-TTL loads 


Ci A1 Y1 A2 Y2 A] Y3 GNI 

MM54HC365/MM74HC365 
54HC365 (J) 74HC365 (J,N) 

Vcc H AS Y6 AS YS A4 Y4 

its lis lu |l3 |l2 111 |l0 Is 


1 |2 |3 ,4 JS J7 

£1 A1 Y1 A2 Y2 A3 Y3 GNO 

MM54HC366/MM74HC366 
54HC366 (J) 74HC366 (J.N) 

Ito; Q AS Y6 AS YS A4 V4 

|l6 |l5 |u |l3 |l2 |t1 |l0 Is 


1^ r i* 

A1 Y1 A2 Y2 A3 Y3 GNO 

MM54HC367/MM74HC367 
54HC367 (J) 74HC367 (J,N) 


|1 ,2 ,3 |4 |S ,s |Y |a 

fi! A1 Y1 A2 Y2 A3 Y3 GNO 

MM54HC368/MM74HC368 
54HC368(J) 74HC368(J.N) 
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MM54/74HC365/366 

MM54/74HC367/368 







MIVr54/74HC365/366 

MM54/74HC367/368 


Units 

V 

V 

•c 

"C 

ns 

ns 

ns 


DC Electrical Characteristics (Note 4) 






B 


74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

TA=-40to85°C 

TA=-55to125’C 

Units 









Btj 


Guaranteed Limits | 


V|H 

Minimum High Level Input 


2.0V 

■ 

1.5 

1.5 

1-5 

V 


Voltage 


4.5V 

■ 

3.15 

3.15 

3.15 

V 




6.0V 

■ 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

V 


Voltage 


4.5V 



0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

VOH 

Minimum High Level Output 

V|N = V|H orViL 








Voltage 

|IoutI^20p,a 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 
1 IoutI^ 6-0 fTlA 

4.5V 

4.2 

3.98 


3.7 

V 



|IoutI^ 7.8 mA 

6.0V 

5.7 

5.48 


5.2 

V 

VoL 

Maximum Low Level Output 

V|n=V|h orV(L 


■ 






Voltage 

|IoutI^20/*A 

2.0V 

D 

0.1 

0.1 

0.1 

V 




4.5V 

D 

0.1 

0.1 

0.1 

V 




6.0V 

n 

0.1 

0.1 

0.1 

V 



Vin = V|h orViL 
|IoutI^ 6.0 mA 

4.5V 

0.2 

0.26 


0.4 

V 



il0UTi^7.8 mA 

6.0V 

0.2 

0.26 


0.4 

V 

l|N 

Maximum Input Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

pA 

loz 

Maximum TRI-STATE Output 

Vqut = V cc or GND 

6.0V 


±0.5 

±5.0 

±10 

fiA 


Leakage Current 

S=V,H 







Ice 

Maximum Quiescent Supply 

V|N=VccorGND 

6.0V 


8.0 

80 

160 

fiA 


Cument 

Iout=0jxA 








Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3; Povrer Dissipation temperature derating — plastic "N" package: -12 mwrc from 65°C to 85°C; ceramic “J” package: -12 mW/°C from 
lOO'C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. ahd Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
deslgnlr^ vrtth this supply. Worst case V|h and V|l occur at Vcc ” 5-5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
lcc> 8hd Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (Vim) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k. Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc+1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±35 mA 
±70 mA 
-65*Cto +150'’C 
500 mW 


Lead Temperature (TJ (Soidering 10 seconds) 


260“C 


Operating Conditions 

Min Max 

Supply Voltage(Vcc) 2 6 

DC Input or Output Voltage 0 Vcc 

(Vin.Vqut) 

Operating Temperature Range(TA) 

MM74HC -40 +85 

MM54HC -55 +125 

Input Rise or Pali Times 
(tr.tf) Vcc = 2.0 V 1000 

Vcc = 4.5 V 500 

Vcc = 6.0 V 400 
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AC Electrical Characteristics mm54hc365/mm74hc365 

Vcc = 5V. Ta=25°C, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fpHL. fpLH 

Maximum Propagation 
Delay 

Cl = 45 pF 

15 

22 

ns 

tpZH. fpZL 

Maximum Output Enable 
Time 

Rl=i kn 

Cl = 45 pF 

29 

40 

ns 

fpHZ. fpLZ 

Maximum Output Disable 
Time 

Rl=i kn 
Cl=5pF 

25 

36 

ns 



AC Electrical Characteristics mm54hc365/mm74hc365 

Vcc=2.0-6.0V, Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Conditions Vcc 


Cl =50 pF 
Cl=150 pF 
Cl =50 pF 
Cl=150 pF 
Cl =50 pF 
Cl = 150 pF 


Rl=i kn 
Cl =50 pF 
Cl=150 pF 
Cl =50 pF 
Cl=150 pF 
Cl=50pF 
Cl=150 pF 


Rl=i kn 
Cl=50pF 


Symbol 

Parameter 

fpHL. fPLH 

Maximum Propagation 
Delay 

fpZH. fpZL 

Maximum Output Enable 
Time 

fpHZ. fPLZ 

Maximum Output Disable 
Time 

fTHL. tTLH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 

Gout 

Maximum Output 
Capacitance 


74HC 

54HC 

Ta=- 40 to 85X 

Ta=- 55 tolZS'C 


Cl =50 pF 


Any Enabled 
A Input 
Any Disabled 
A Input 










Note 5: CpD determines the no load dynamic power consumption, Po^Cpo Vcc^ ^+100 Vcc. snci the no load dynamic current consumption, 
ls=CpD Vcc t+Icc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Truth Table 


Inputs 

Output 

GT G2 A 

Y 

H X X 

Z 

X H X 

z 

L L H 

H 

L L L 

L 
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MM54/74HC365/366 

MM54/74HC367/368 



























































































MM54/74HC365/366 

MM54/74HC367/368 


AC Electrical Characteristics mm54hc366/mm74hc366 

Vcc = 5V, Ta=25°C, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay 

Cl = 45 pF 

12 

18 

ns 

tpZL. tpZH 

Maximum Output Enable 
Time 

Rl=i kn 
Cl= 45 pF 

29 

40 

ns 

tpHZ. tPLZ 

Maximum Output Disable 
Time 

Rl= 1 kfl 
Cl=5pF 

25 

36 

ns 


AC Electrical Characteristics mm54hc366/mm74hc366 

Vcc=2.0-6.0V, Cl = 50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

1 Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 

Cl =50 pF 

2.0V 

33 

82 

102 

125 

ns 


Delay 

Cl= 150 pF 

2.0V 

43 

107 

134 

160 

ns 



Cl = 50 pF 

4.5V 

12 

19 

24 

30 

ns 



Cl = 150 pF 

4.5V 

16 

26 

32 

39 

ns 



Cl =50 pF 

6.0V 

10 

16 

20 

24 

ns 



Cl= 150 pF 

6.0V 

14 

22 

27 

33 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl= 1 kft 

PM 





ns 


Time 

Cl= 50 pF 


90 

230 

287 

345 

ns 



Cl=150pF 


98 

245 

306 

367 

ns 



Cl= 50 pF 


31 

44 

55 

66 

ns 



Cl= 150 pF 

4.5V 

38 

53 

66 

80 

ns 



Cl =50 pF 

6.0V 

25 

35 

43 

.52 

ns 



Cl = 150 pF 

6.0V 

29 

41 

* 51 

62 

ns 

tPHZ. tPLZ 

Maximum Output Disable 

Rl= 1 k« 


,58 

175 

218 

260 

ns 


Time 

Cl = 50 pF 

EES 

26 

44 

55 

66 

ns 





22 

37 

46 

55 

ns 

tTHL. tTLH 

Maximum Output Rise 

Cl=50pF 

2.0V 

25 

60 

75 

90 

ns 


and Fali Time 


4.5V 

7 

12 

15 

18 

ns 




6.0V 

6 

10 

13 

15 

ns 

CpD 

Power Dissipation 

Any Enabled 


45 




pF 


Capacitance (Note 5) 

A Input 

Any Disabled 

A Input 

m 

6 

1 



pF 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 

Gout 

Maximum Output 
Capacitance 



10 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ *+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc f+Icc- 


Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Truth Table 


Inputs 

Output 

Y 

G1 

G2 

A 

H 

X 

X 

Z 

X 

H 

X 

z 

L 

L 

H 

L 

L 

L 

L 

H 


1-266 
























































































AC Electrical Characteristics mm54hc367/mm74hc367 

Vcc = 5V. Ta = 25°C, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay 

Cl =45 pF 

13 

22 

ns 

tpZL. tpZH 

Maximum Output Enable 
Time 

Rl=i kn 

Cl = 45 pF 

23 

37 

ns 

fpHZ. tpLZ 

Maximum Output Disable 
Time 

Rl=i kn 

Cl = 5 pF 

25 

33 

ns 



AC Electrical Characteristics mm54hc367/mm74hc367 

Vcc = 2.0-6.0V, Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Conditions Vcc 


Cl =50 pF 
Cl = 150 pF 
Cl =50 pF 
Cl=150 pF 
Cl = 50 pF 
Cl = 150 pF 


Rl=i kn 
Cl=50 pF 
Cl= 150 pF 
Cl = 50 pF 
Cl = 150 pF 
Cl = 50 pF 
Cl = 150 pF 


Rl= 1 kn 
Cl =50 pF 


Symbol 

Parameter 

tpHL. fpLH 

Maximum Propagation 
Delay 

tpZH. tpZL 

Maximum Output Enable 
Time 

fpHZ. fPLZ 

Maximum Output Disable 
Time 

Ithl. Itlh 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 

Gout 

Maximum Output 
Capacitance 


Cl = 50 pF 


Any Enabled 
A Input 
Any Disabled 
A Input 


Ta= 

25'C 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta=- 55 to125'C 

Units 

P?!l 

1 Guaranteed Limits | 


35 

105 

130 

150 

ns 

45 

135 

168 

205 

ns 

14 

24 

30 

36 

ns 

17 

29 

36 

45 

ns 

11 

19 

24 

28 

ns 

15 

24 

30 

36 

ns 





ns 

69 

172 

216 

250 

ns 

75 

187 

233 

280 

ns 

24 

38 

47 

57 

ns 

29 

46 

57 

69 

ns 

22 

35 

43 

52 

ns 

26 

42 

52 

63 

ns 

47 

117 

146 

220 

ns 

22 

35 

44 

52 

ns 

19 

31 

39 

46 

ns 

25 

60 

75 

90 

ns 

7 

12 

15 

18 

. ns 

6 

10 

13 

15 

ns 





5 

10 

10 

10 

pF 

10 

20 

20 

20 

pF 



Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc* *+lcc Vcc- ^hd the no load dynamic current consumption, 
ls=CpD Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Truth Table 


Inputs 

Output 

G 

A 

Y 

H 

X 

Z 

L 

H 

H 

L 

L 

L 
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MM54/74HC365/366 

MM54/74HC367/368 































































































MM54/74HC365/366 

MM54/74HC367/368 


AC Electrical Characteristics mm54hc368/mm74hc368 

Vcc=5V, Ta=25'’C, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay 

Cl = 45 pF 

11 

18 

ns 

tpZL. tpZH 

Maximum Output Enable 
Time 

RL=1kft , 
Cl = 45 pF 

23 

37 

ns 

<PHZ. tpLZ 

Maximum Output Disable ' 
Time 

Rl=i kn 
Cl=5pF 

19 

33 

ns 


AC Electrical Characteristics mm54hc368/mm74hc368 

Vcc=2.0-6.0V, Cl = 50 pF, tr=tf=6 ns (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

Ta= -40 to 85°C 

54HC 

TA=-55to125°C 

Units 


1 Guaranteed Limits 

tpHL. tPLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

33 

82 

102 

125 

ns 


Delay 

Cl = 150 pF 

2.0V 

43 

107 

134 

160 

ns 



Cl = 50 pF 

4.5V 

12 

19 

24 

30 

ns 



Cl= 150 pF 

4.5V 

16 

26 

32 

39 

ns 



Cl =50 pF 

6.0V 

10 

16 

20 

24 

ns 



Cl= 150 pF 

6.0V 

14 

22 

27 

33 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 






ns 


Time 

Cl = 50 pF 

2.0V 

69 

172 

216 

250 

ns 



Cl = 150 pF 

2.0V 

75 

187 

233 

280 

ns 



Cl =50 pF 

4.5V 

24 

38 

47 

57 

ns 



Cl = 150 pF 

4.5V 

29 

46 

57 

69 

ns 



Cl =50 pF 

6.0V 

22 

35 

43 

52 

ns 



Cl= 150 pF 

6.0V 

26 

42 

52 

63 

ns 

tPHZ. tpU 

Maximum Output Disable 

Rl=i kn 

2.0V 

47 

117 

146 

220 

ns 


Time 

Cl=50pF 

4.5V 

22 

35 

44 

52 

ns 




6.0V 

19 

31 

39 

46 

ns 

tTHL. tTLH 

Maximum Output Rise 

Cl = 50 pF 

2.0V 

25 

60 

75 

90 

ns 


and Fall Time 


4.5V 

7 

12 

15 

18 

ns 




6.0V 

6 

10 

13 

15 

ns 

CpD 

Power Dissipation 

Any Enabled 


45 


1 


pF 


Capacitance (Note 5) 

A Input 

Any Disabled 

A Input 

m 

6 

1 



pF 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 

Gout 

Maximum Input 
Capacitance 



10 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, P[)=CpD Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc *+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Truth Table 


Inputs 

Output 

Y 

G 

A 

H 

X 

Z 

L 

H 

L 

L 

L 

H 
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Logic Diagrams 
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MM54/74HC365/366 

MM54/74HC367/368 






MM54HC373/74HC373 



National 

Semiconductor 



microCMOS 


MM54HC373/MM74HC373 TRI-STATE® Octal 


D-Type Latch 

General Description 

These high speed OCTAL D-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow- 
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL toads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE input is high, the Q outputs will 
follow the D inputs. When the LATCH ENABLE goes low, 
data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL input, all outputs go to 
a high impedance state, regardless of what signals are pres- 


ent at the other inputs and the state of the storage ele- 
ments. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 18 ns 

■ Wide operating voltage range: 2 to 6 volts 

■ Low input current: 1 fiA maximum 

■ Low quiescent current: 80 fiA maximum (74 series) 

B Output drive capability: 15 LS-TTL loads 


Connection Diagram 


Dual-ln-Une Package 

LATCH 

ENABLE 

Vcc 80 8D 7D 70 60 6D 5D 50 6 



OUTPUT 10 
CONTROL 


ID 2D 20 30 3D 4D 40 GND 

TOP VIEW 

MM54HC373/MM74HC373 
54HC373 (J) 74HC373 (J,N) 


Truth Tabie 


Output 

Control 

Latch 

Enable 

Data 

373 

Output 

L 

H 

H 

H 

L 

H 

L 

H 

L 

L 

X 

Qo 

H 

X 

X 

Z 


H 1= high level, L = low level 
Qq = level of output before steady-state input condi- 
tions were established. 

Z — high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (Iik. Iqk) ±20 mA 

DC Output Current, per pin (Iqut) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°C to + tSO'C 
Power Dissipation (Pq) 500 mW 

Lead T emperature (T J (Soldering 1 0 seconds) 260‘'C 

DC Electrical Characteristics 


Conditions 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (T/O 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tf.tf) Vcc=2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

>OZ 

Maximum TRI- 
STATE Output 
Leakage Current 

Ice 

Maximum Quiescent 
Supply CuRent 


Ta=25'C 


Ta= -40 to 85’C Ta= -55 to 125*0 


Guaranteed Limits 




V|N=V|H orViL 
|IoutI^ 6.0 mA 
|IoutI^ 7.8 mA 


V|N = V|H or V|L 

|IoutI^20 fiA 


V|N=V|HorV|L 
|IoutI^ 6.0 mA 
il0UTi^7.8 mA 


V|N=Vcc or GND 


V|N=ViH or V|L, OC= V|H 6.0V 
VoUT=VccorGND 


•out -O p A 


Nota 1: Absolute Maximum Ratings are those values beyond which damage to die device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Nota 3: Power Dissipation temperature derating — plastic "N" package: -12 mW^C from SS^C to 85'C; ceramic "J” package: -12 mW/'C from 
100°C to 125”C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh> 81^4 Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when , 
designing with this supply. Worst case V|h and V|i. occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Icc> and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


±0.1 

±1.0 

±1.0 

fiA 

±0.5 

±5 

±10 

nA 

8.0 

80 

160 

mA 


1-271 


MM54HC373/74HC373 
































































MM54HC373/74HC373 


AC Electrical Characteristics vcc=5v. ta=25'’c, tr=tf=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay, Data to Q 

Cl = 45 pF 

18 

25 

ns 

tPHL. tpLH 

Maximum Propagation Delay, Clock to Q 

Cl = 45 pF 

21 

30 

ns 

tpZH. tpZL 

Maximum Output Enabie 

Time 

Rl=i kn 

Cl =45 pF 

20 

28 

ns 

tpHZ. tpLZ 

Maximum Output Disable 

Time 

Rl=i kn 
Cl=5pF 

18 

25 

ns 

ts 

Minimum Set Up Time 



5 

ns 

tH 

Minimum Hold Time 



10 

ns 

tw 

Minimum Pulse Width 


9 

16 

ns 


AC Electrical Characteristics Vcc=2.0-6.0V, Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

cn 

Guaranteed Limits | 

IPHL. IPLH 

Maximum Propagation 

Cl = 50 pF' 

2.0V 

50 

150 

188 

225 • 

ns 


Delay, Data to Q 

Cl = 150 pF 

2.0V 

80 

200 

250 

300 

ns 



Cl = 50 pF 

4.5V 

22 

30 

37 

45 

ns 



Cl = 150 pF 

4.5V 

30 

40 

50 

60 

ns 



Cl =50 pF 

6.0V 

19 

26 

31 

39 

ns 



Cl= 150 pF 

6.0V 

26 

35 

44 

53 

ns 

tpHL. IPLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

63 

175 

220 


ns 


Delay, Clock to Q 

Cl= 150 pF 

2.0V 

110 

225 

280 


ns 



Cl=50pF 

4.5V 

25 

35 

44 

52 

ns 



Cl = 150 pF 

4.5V 

35 

45 

56 

68 

ns 



Cl = 50 pF 

6.0V 

21 


37 

45 

ns 



Cl = 150 pF 

6.0V 

28 

KM 

49 

59 

ns 

IpZH. tpZL 

Maximum Output Enable 

Rl=i kn 








Time 

Cl = 50 pF 

2.0V 

50 

150 

188 

225 

ns 



Cl= 150 pF 

2.0V 

80 

200 

250 

300 

ns 



Cl = 50 pF 

4.5V 

21 

30 

37 

45 

ns 



Cl= 150 pF 

4.5V 

30 

40 

50 

60 

ns 



Cl = 50 pF 

6.0V 

19 

26 

31 

39 

ns 



Cl=150pF 

6.0V 

26 

35 

44 

53 

ns 

IPHZ. IPLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

50 

150 

188 

225 

ns 


Time 

Cl = 50 pF 

4.5V 

21 

30 

37 

45 

ns 




6.0V 

19 

26 

31 

39 

ns 

Is 

Minimum Set Up Time 



5 

25 

31 

38 

ns 




EjGKI 

2 

5 

6 

8 

ns 





2 

5 

6 

8 

ns 

tH 

Minimum Hold Time 



20 

50 

60 

75 

ns 





6 

10 

13 

20 

ns 




Mi 

6 

10 

13 

20 

ns 

tw 

Minimum Pulse Width 


2.0V 

30 

80 

100 

120 

ns 




4.5V 

10 

16 

20 

24 

ns 




6.0V 

• 9 

14 

18 

20 

ns 

tTHL. tTLH 

Maximum Output Rise 

Cl = 50 pF 

2.0V 

25 

60 

75 

90 

ns 


and Fall Time 


4.5V 

7 

12 

15 

18 

ns 




6.0V 

6 

10 

13 

15 

ns 

CpD 

Power Dissipation 

(per latch) 

■m 







Capacitance (Note 5) 

OC= Vcc 


30 




pF 



OC=GND 


50 

llll 



pF 

C|N 

Maximum Input Capacitance 



5 

mm 

10 

10 

pF 

COUT 

Maximum Output Capacitance 



mm 

PM 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


microCMOS 


MM54HC374/MM74HC374 
TRI-STATE® Octal D-Type Flip-Flop 


General Description 

These high speed Octal D-Type Flip-Flops utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a busorgan- 
ized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are transferred to the Q outputs on positive going transitions 
of the CLOCK (CK) input. When a high logic level is applied 
to the OUTPUT CONTROL (OC) input, all outputs go to a 
high irqpedance state, regardless of what signals are present 
at the other inputs and the state of the storage elements. 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide operating voltage range; 2-6V 

■ Low input current: 1 fxA maximum 

■ Low quiescent current; 80 fiA maximum 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 


Connection Diagram Dual-ln-Une package 



OUTPUT IQ ID 20 20 30 30 40 40 GNO 

CONTROL JOP VIEW ■ TL/F/5336-1 

MM54HC374/MM74HC374 
54HC374(J) 74HC374(J,N) 

Truth Table 

H = High Level, L = Low Level 
X = Don't Care 
t = Transition from low-to-high 
2 = High impedance state 
Oo - The level of the output before steady state input 
conditions were established 



1-273 


MM54HC374/74HC374 







MM54HC374/74HC374 


Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

— 1.5 to Vcc+ 1.5V 

Supply Voltage (Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±35 mA 

Operating Temperature Range (Ta) 
MM74HC -40 

±85 

°c 

DC Vcc or GND Current, per pin (Icc) 

±70 mA 

MM54HC 

-55 

±125 

"C 

Storage Temperature Range (Tstg) 

-65'’Cto +150‘'C 

Input Rise or Fall Times 




Power Dissipation (Pq) 

500 mW 

dr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (T i) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 . 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics 






Symbol 

Parameter 

Conditions 

Vcc 

' Ta= 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

TA=-55to125“C 

Units 

i Typ 1 

Guaranteed Limits 

V|H 

Minimum High Level 



m 

1.5 



V 


Input Voltage 




3.15 



V 






4.2 



V 

V|L 

Maximum Low Level 



m 


0.3 

0.3 

V 


Input Voltage 





0.9 

0.9 

V 




mH 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H orViL 

M 







Output Voltage 

|IoutI^ 20 fiA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 





6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 

M 





■■ 



|IoutI^ 6.0 mA 


4.2 

3.98 

3.84 

3.7 




||outI^ 7.8 mA 


5.7 

5.48 

5.34 

5.2 


Vql 

Maximum Low Level 

V|N = V|H orV|L 

mu 





■1 


Output Voltage 

|louTl^20)iA 


0 

0.1 

0.1 

0.1 






0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|H or ViL. 




m^mHi 





|IoutI^ 6.0 mA 

4.5V 


0.26 


0.4 

V 



|l0UTi^7.8 mA 

6.0V 

0.2 

0.26 


0.4 

V 

■in 

Maximum Input 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

jaA 


Current 








■oz 

Maximum TRI- 

V|N = V|H. OC = V|H 

6.0V. 

m 

±0.5 

±5 

±10 

jxA 


STATE Output 

Vqut = Vcc or G N D 








Leakage Current 



^m 





■cc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0V 1 

1 

8.0 

80 

160 

liA 


Supply Current 

•out=0mA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100”C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4,5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur tor CMOS at the higher voltage and so the 6,0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25'‘c, tr=tf=6 ns (Note 6) 


Typ 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 
Delay Clock to Q 

tpZH. tpZL 

Maximum Output Enable 
Time 

tPHZ. tpLZ 

Maximum Output Disable 
Time 

ts 

Minimum Set Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 


Conditions 


Cl = 45 pF 


Rl= kn 
Cl = 45 pF 


Rl= kfl 
Cl= 5 pF 



Guaranteed 

Limit 

Units 

35 

MHz 

32 

ns 

28 

ns 

25 

ns 

20 

ns 

5 

ns 

16 

ns 



AC Electrical Characteristics vcc=2.o-6.ov.cL=5opF,tr 


Ta=25»C 

Conditions Vcc 


Cl=50pF 2.0 
4.5 
6.0 


Symbol 

Parameter 

fWAX 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 

Delay, Clock to Q 

tpZH. tpZL 

Maximum Output Enable 

Tima 

tpHZ. tpLZ 

Maximum Output Disable 
Time 

ts 

Minimum Set Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 

tTHL. tTLH 

Meiximum Output Rise 
and Fall Time 

tr.tf 

Maximum Input Rise and 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

ClN 

Maximum Input Capacitance 


= tf = 6 ns (unless otherwise specified) (Note 6) 


74HC 54HC 

TA=-40to85“C TA=-55tOl25°C 


Guaranteed Limits 


Cl= 50 pF 
Cl = 150pF 


Cl= 50 pF 
Cl = 150pF 


Cl= 50 pF 
Cl = 150pF 


Rl = 1 kfl 


Cl = 50 pF 
Cl=150pF 


Cl = 50 pF 
Cl = 150 pF 


Cl= 50 pF 
Cl= 150 pF 


Rl= 1 kJl 
Cl = 50 pF 


2.0V 68 

2.0V 110 



Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc Vcc. dnd the no load dynamic current consumption. 
ls=Cpo Vcc t+'cc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC390/74HC390 

MM54HC393/74HC393 


National 

Semiconductor 


MM54HC390/MM74HC390 Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 Dual 4-Bit Binary Counter 

General Description 

These counter circuits contain independent ripple carry 
counters and utilize microCMOS Technology, 3.5 micron sil- 
icon gate P-well CMOS. The MM54HC390/MM74HC390 in- 
corporate dual decade counters, each composed of a di- 
vide-by-two and a divide-by-five counter. The divide-by-two 
and divide-by-five counters can be cascaded to form dual 
decade, dual bi-quinary, or various combinations up to a 
single divide-by-100 counter. The MM54HC393/M74HC393 
contain two 4-bit ripple carry binary counters, which can be 
cascaded to create a single divide-by-256 counter. 

Each of the two 4-bit counters is incremented on the high to 
low transition (negative edge) of the clock input, and each 
has an independent clear input. When clear is set high all 
four bits of each counter are set to a low level. This enables 
count truncation and allows the implementation of divide-by- 
N counter configurations. 

Each of the counters outputs can drive 10 low power 
Schottky TTL equivalent loads. These counters are function- 

Connection Diagrams 

Dual-ln-Llne Package Dual-ln-Line Package 


OUTPUTS 




aly as well as pin equivalent to the 54LS390/74LS390 and 
the 54LS393/74LS393, respectively. All inputs are protect- 
ed from damage due to static discharge by diodes to Vc and 
ground. 

Features 

■ Typical operating frequency: 50 MHz 

■ Typical propagation delay: 13 ns (Ck to Qa) 

■ Wide operating supply voltage range: 2-6V 

■ Low input current: <1 

■ Low quiescent supply current: 80 juA maximum 
(74 HC series) 

■ Fanout of 10 LS-TTL loads 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5toVcc+1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to +150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 

DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

i 

Maximum Quiescent 
Supply Current 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature RangefTA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tf.tf) Vcc=2.0V 
Vcc = 4.5V 
Vcc=6.0V 


74HC 54HC 

TA=-40to85'C TA=-55to125'C 




V|N = V|H orViL 
|IoutI^ 4.0 mA 
||outI^ 5.2 mA 


V|N = V|H orViL 
1iout1^20p,a 


ViN = V|Hor ViL 
|louTl^4.0mA 
il0UTi^5.2 mA 


V|N = VccorGND 6.0V 


IOUT = 0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from 65°C to 85'C: ceramic "J” package: -12 mW/”C from 
100°C to las'C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh> arid Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vih and V|l occur at Vcc = 5.5V arid 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin. 
Ice. and loz) occur for CMOS at the higher voitage and so the 6.0V values should bo used. 


±0.1 

±1.0 

±1.0 

mA 

8.0 

80 

160 
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MM54HC390/74HC390 

MM54HC393/74HC393 


AC Electrical Characteristics MM54HC3go/MM74HC3go 

Vcc = 5V, Ta = 25'’C, Cl= 15 pF. tr=tf=6 ns 


Symbol 

Parameter 

fMAX 

Maximum Qperating Frequency, Clock A or B 

tpHL.tpLH 

Maximum Propagation Delay, Clock A to Qa Qutput 

tpHL. tPLH 

Maximum Propagation Delay, Clock A to Qc 
(Qa connected to Clock B) 

tPHL. tPLH 

Maximum Propagation Delay, Clock B to Qb or Qq 

IPHL. tpLH 

Maximum Propagation Delay, Clock B to Qc 

tPHL 

Maximum Propagation Delay, Clear to any Qutput 

Irem 

Minimum Removal Time, Clear to Clock 

tw 

Minimum Pulse Width, Clear or Clock 



Typ 

Guaranteed Limit 

Units 

50 

30 

MHz 

1 

20 

ns 

32 

50 

ns 

15 

21 

ns 

20 

32 

ns 

15 

28 

ns 

-2 

5 

ns 

10 

16 

ns 


AC Electrical Characteristics Cl= 50 pF, tr=tf=6 ns (unless othenwise specified) 


Ta = 25“C 


Symbol 


^MAX 


Parameter 


Maximum Operating 
Frequency 


tpHL. tPLH Maximum Propagation 
Delay, Clock A to Qa 


74HC 54HC 

TA=-40to85°C TA=-55to125°C 


Guaranteed Limits 



tpHL' *PLH Maximum Propagation 
Delay, Clock A to Qc 
(Qa connected to Clock B) 


Maximum Propagation 
Delay, Clock B to Qb or 
Qo 


Maximum Propagation 
Delay, Clock B to Qc 


tPHL. tPLH 


tpHL. tPLH 


Maximum Propagation 
Delay, Clear to any Q 


Minimum Removal Time 
Clear to Clock 


Minimum Pulse Width 
Clear or Clock 


tlHL. tlLH 


Maximum Qutput Rise 
and Fall Time 


Maximum Input Rise 
and Fall Time 


Power Dissipation 
Capacitance (Note 5) 


Maximum Input Capacitance 


(per counter) 


Note 5 : Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc* <+Icc Vcc. and the no load dynamic current consumption. 
ls=Cpo Vcc t+lcC' 

Note 6 : Refer to back of this section for Typical MM 54 / 74 HC AC Switching Waveforms and Test Circuits. 

/ 
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AC Electrical Characteristics MM54HC3g3/MM74HC3g3 

Vcc = 5V, Ta = 25”C, Cl= 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

^MAX 

Maximum Operating Frequency 

tPHL. tpLH 

Maximum Propagation Delay, Clock A to Qa 

tpHL. tpLH 

Maximum Propagation Delay, Clock A to Qb 

tPHL. <PLH 

Maximum Propagation Delay, Clock A to Qc 

tPHL. tpLH 

Maximum Propagation Delay, Clock A to Qd 

tPHL 

Maximum Propagation Delay, Clear to any Q 

fREM 

Minimum Removal Time 

tw 

Minimum Pulse Width Clear or Clock 


Conditions 



Guaranteed Limit 


30 


20 


35 


42 


50 


28 


5 


16 



AC Electrical Characteristics Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Ta = 25X 



Conditions 


74HC 

TA=-40to85X Ta= 


Guaranteed Limits 


54HC 

-55 to125°C 


Maximum Operating 
Frequency 










tpHL. tpLH Maximum Propagation 
Delay Clock A to Qa 


tpHL. tpLH Maximum Propagation 
Delay Clock A to Qb 


Maximum Propagation 
Delay Clock A to Oc 


Maximum Propagation Delay 
Clock to Qd 


Maximum Propagation 
Delay Clear to any Q 


Minimum Clear Removal 
Time 


Minimum Pulse Width 
Clear or Clock 


Maximum Output Rise 
and Fall Time 


Maximum Input Rise 
and Fall Time 


Power Dissipation 
Capacitance (Note 5) 


Maximum Input Capacitance 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dyneunic 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 













current consumption. 
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National 

Semiconductor 


MM54HC423A/MM74HC423A 

Dual Retriggerable Monostable Multivibrator 


microCMOS 


General Description 

The MM54/74HC423A high speed monostable multivibrators 
(one shots) utilize microCMOS Technology, 3.5 micron sili- 
con gate P-well CMOS. They feature speeds comparable to 
low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir- 
cuits. 

Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The ’HC423 cannot be 
triggered from clear. 

The ’HC423A is retriggerable. That is it may be triggered re- 
peatedly while its outputs are generating a pulse and the 
pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply; PW= (Rext) (Cext).' where PW 


is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vcc and ground. 

Features 

■ Typical propagation delay: 40 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 maximum (74HC series) 

■ Low input current: 1 ;xA maximum 

■ Fanout of 10 LS-TTL loads 

H Simple pulse width formula T = RC 

■ Wide pulse range: 400 ns to “ (typ) 

■ Part to part variation: ±5% (typ) 

■ Schmitt Trigger A & B inputs allow infinite rise and fall 
times on these inputs 



Connection Diagram 


Dual-ln-Line Package 


Bexti 

Cen Cexti 





A1 81 CLR 1 Qi 02 Cext2 Rot: CNO 

Cexi 

TOP VIEW TL/F/e 

MM54HC423A/MM74HC423A 
54HC423 (J) 74HC423 (J.N) 


Timing Component 


TO Cext to R/Cext 
TERMINAL TERMINAL 


Truth Table 


Inputs 

Outputs { 

Clear 

A 

B 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

t 

JT. 

"LT 

H 

4. 

- H 

JT. 

IT 


H = High Level 
L = Low Level 

T = Transition from Low to High 
4, = Transition from High to Low 
-TL = One High Level Pulse 
“UT = One Low Level Pulse 
X = Irrelevant 
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Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 


Supply Voltage(Vcc) 

-0.5V to -I-7.0V 



Min Max Units 

DC Input Voltage(ViN) 

-1.5V to Vcc + 1.5V 

Supply Voltage(Vcc) 

2 6 

V 

DC Output Voltage(VouT) 

-0.5V to Vcc + 0.5V 

DC Input or Output Voltage 

o 

o 

V 

Clamp Diode Current(l|K. Iqk) 

±20 mA 

(Vin.Vqut) 



DC Output Current, per pin{loLiT) 

±25 mA 

Operating Temperature Range(TA) 

MM74HC ■ -40 +85 

°c 

DC Vcc or GND Current, per pin(lcc 

± 50 mA 

MM54HC 

-55 +125 

°c 

Storage Temperature Range(TsTG) 

-65'’Cto +150''C 

Maximum Input Rise and Fall Time 


Power Dissipation(PD) (Note 3) 

500 mW 

(Clear Input) 



Lead Temperature(TiJ (Soldering 10 seconds) 260°C 



Vcc = 2.0V 

1000 

ns 







Vcc = 4.5 V 

500 

ns 







Vcc = 6.0V 

400 

ns 

DC Electrical Characteristics (Note 4) 













74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 


25‘’C 

Ta=- 40 to 85°C 

Ta=- 55 to125X 

Units 





Typ 

Guaranteed Limits 


V|H 

Minimum High Level Input 


2.0V 


19 

1.5 

1.5 

n 


Voltage 


4.5V 


MU 

3.15 

3.15 





6.0V 


Bi 

4.2 

4.2 


V|L 

Maximum Low Level Input 


H 


0.3 

0.3 

0.3 

n 


Voltage 


m 



0.9 

0.9 

■■ 






1.2 

1.2 

1.2 

V 

VOH 

Minimum High Level 

V|N = V|H or V|L 








Output Voltage 

IIqutI^ 20 fxA 


2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 






V 



IIqutI^ 4.0 mA 

4.5V 


3.96 


3.7 

V 



IIoutN 5.2 mA 

6.0V 


5.46 


5.2 

V 

VoL 

Maximum Low Level 

V|N=V|HOrV|L 








Output Voltage 

liourkso jj,A 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HOr V|L 






V 



IIqutI^^ mA 

4.5V 


0.26 


0.4 

V 



|IoutI^ 5.2 mA 

6.0V 


0.26 


0.4 

V 

l|N 

Maximum Input Current 

V|N — Vcc or GND 

5.0V 

■■ 


5.0 

5.0 

/lA 


(Pins 7,15) 




m 




l|N 

Maximum Input Current 

V|N = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

/iA 


(All other pins) 








•cc 

Maximum Quiescent Supply 

V|N Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Current (Standby) 

•oUT^OfiA 







icc 

Maximum Active Supply 

V|N ~ Vcc O’’ GND 


36 

80 

110 

130 

fiA 


Current (per 

R/Cext = 0.5Vcc 

m 

0.33 

1.0 

1.3 

1.6 

mA 


monostable) 



0.7 


2.6 

3.2 

mA 

Note 1: Maximum Ratings are those vaiues beyond which damage to the device may occur. 




Note 2: 

Unless otherwise specified ail voltages are referenced to ground. 






Note 3: 

Power Dissipation Temperature Derating: Plastic "N" Package: 

-12mW/”C from 65°C to 85°C Ceramic "J" Package: 

- 1 2mW/°C from 1 0(fC to 1 25°C 

Note 4: For a power suppiy of 5V ±1 0% the worst-case output voltages (Vqh. Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 

with this supply. Worst-case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst-case leakage current (I|n, Icc. ^rid 

Iqz) occur for CMOS at the higher voitage and so the 6.0V vaiues should be used. 
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AC Electrical Characteristics vcc=5v. ta=25»c. cl=i5 pf. tr=t,= 


Symbol 

Parameter 

tPLH 

Maximum Trigger Propagation 
Delay, A, B to Q 

tPHL 

Maximum Trigger Propagation 
Delay, A, B to Q 

tPHL 

Maximum Propagation Delay, 
Clear to Q 

'PLH 

MaximuniPropagation Delay, 
Clear to Q 

tw 

Minimum Pulse Width, A, B or 
Clear 

tREM 

Minimum Clear Removal Time 

tWQ(MI 

N) 

Minimum Output Pulse Width 

two 

Output Pulse Width 


Conditions 



Cext=28 pF 
Rext =2 kn 


C£xt~ ^000 pF 



AC Eiectrical Characteristics Cl = 50 pF tr=tf=6 ns (Unless otherwise specified) 


T 74HC 54HC 

I A " ^ T^= _40to85°C TA=-55tol25°C 


Symbol 

Parameter 

tPLH 

Maximum Trigger Propagation 
Delay, A, B or Clear to Q 

tPHL 

Maximum Trigger Propagation 
Delay, A, B or Clear to Q 

tpHL 

Maximum Propagation 

Delay, Clear to Q 

tpLH 

Maximum Propagation 

Delay, Clear to Q 

tw 

Minimum Pulse Width 

A, B, Clear 

tREM 

Minimum Clear 

Removal Time 

tWQ(MIN) 

Minimum Output 

Pulse Width 

two 

Output Pulse Width 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 

C|N 

Maximum Input 

Capacitance (Pins 7 & 15) 

C|N 

Maximum Input 

Capacitance (Other Inputs) 




Guaranteed Limits 

169 

194 

210 

42 

51 

57 

32 

39 

44 

197 

229 

250 

48 

60 

67 

38 

46 

51 

114 

132 

143 

34 

41 

45 

28 

33 

36 

116 

135 

147 

36 

42 

46 

29 

34 

37 

123 

144 

157 

30 

37 

42 

21 

27 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Cext= 28 pF 

Rext =2 kn 

F>EXT = 6 kn (Vcc = 2V) 


Cext~ 0'1 Min 
Rext~ ^0 
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TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the one-shot is in the quiescent state with the 
Q output low, and the timing capacitor Cext completely 
charged to Vcc- When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Vcc) a valid trig- 
ger is recognized, which turns on comparator Cl and N- 
Channel transistor N1 ©. At the same time the output latch 
is set. With transistor N1 on, the capacitor Cext rapidly dis- 
charges toward GND until Vrefi is reached. At this point 
the output of comparator Cl changes state and transistor 
N1 turns off. Comparator Cl then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca- 
pacitor Cext begins to charge through the timing resistor, 
Rext. toward Vcc- When the voltage across Cext equals 
Vref2. comparator C2 changes state causing the output 
latch to reset (Q goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the one-shot 
in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Vcc®.) 

It should be noted that in the quiescent state Cext is fully 
charged to Vcc causing the current through resistor Rext *0 
be zero. Both comparators are "off” with the total device 
current due only to reverse junction leakages. An added 
feature of the ’HC423 is that the output latch is set via 
the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to Q is independent of 
the value of Cext« Rext. or the duty cycle of the input wave- 
form. 


RETRIGGER OPERATION 

The ’HC423A is retriggered if a valid trigger occurs @ fol- 
lowed by another trigger ® before the Q output has re- 
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voltage at pin or has begun to rise from Vrefi. 
but has not yet reached Vref 2 . will cause an increase in 
output pulse width T. When a valid retrigger is initiated ®, 
the voltage at the R/Cext P'o will again drop to Vrefi be- 
fore progressing along the RC charging curve toward Vcc- 
The Q output will remain high until time T, after the last valid 
retrigger. 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ®. When 
the voltage on the capacitor reaches Vref 2 . 'be reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, ^ny trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will not 
change. Since the Q output is reset when an input low level 
is detected on the Clear input, the output pulse T can be 
made significantly shorter than the minimum pulse width 
specification. 


Typical Output Pulse Width vs. 
Timing Components 


1m 

100;x 

10a 


iiSiit 

!!!!!! 

iiiif* 

iiiir 

SSSSfGr^r^iiu!*! 

IibSi 

wm 


IIB 

mill 

!|P^!!!ii!n|ai;i!i!| 

ISaiHiiSiSSSSSliiiiii 

■illlll' 

■IIIIIIIIH 


lOOOp 0.01a O'V 1a 
TIMING CAPACITOR (F) 

TL/F/5206-7 


Typical Distribution of Output 
Pulse Width, Part to Part 


Typical 1ms Pulse Width 



0.92 0.96 1.00 1.04 1.06 

OUTPUT PULSE WIOTH (ras) 

TL/F/5206-8 



3 4 5 6 7 

POWER SUPPLY (V) 

TL/F/5206-9 
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MM54HC521/74HC521 



National 

Semiconductor 




mi 

\ J 

icroCMOS 


MM54HC521/MM74HC521 

8-Bit Magnitude Comparator (Equaiity Detector) 


General Description 

This equality detector utilizes microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to compare bit for bit two 
8-bit w ords and indicates whether or not they are equal. The 
P= Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator’s output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 


compatible to the 54LS688/74LS688. All inputs are protect- 
ed from damage due to static discharge by diodes to Vcc 
and ground. 

Features 

■ Typical propagation delay: 20 ns 

■ Wide power supply range: 2-6V 

■ Low quiescent current: 80 jtiA (74 series) 

■ Large output current: 4 mA (74 series) 


Connection and Logic Diagrams 

Dual-In-Line Package 


Vcc P = Q 07 P7 06 P6 OS PS 04 P4 



TOP VIEW TL/F/5018-1 

MM54HC521/MM74HC521 

54HC521 (J) 74HC521 (J,N) 


Truth Table 


Inputs 

P = Q 

Data 

Enable 

G 

P.Q 

P = Q 

■Ml 

■nn 

P> Q 



P < Q 



X ' 

H 
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Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (Iik. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) - 65“C to +1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TO (Soldering 10 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

.l|N 

Maximum Input 
Current 

■cc 

Maximum Quiescent 
Supply Current 



V|N = V|H or V|L 
|IoutI^ 4.0 mA 
|IoutI^ 5.2 mA 


V|N = V|H orViL 
|IoutI^20 jxA 


V|N = V|H orViL 
1IoutI^ 4.0 mA 
|l0UTi^5.2 mA 


V|N = VccorGND 6.0V 


louT=0fAA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/'C from SS^C to SS'C; ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vn. occur at Vcc “ 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.e5V.) The worst case leakage current (Iin, 
IcCi and Iqz) occur for CMOS at the higher voitage and so the 6.0V vaiues should be used. 
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AC Electrical Characteristics 

Vcc-5V. Ta = 25''C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation 

Delay, Any P or Q to Output 


21 

30 

ns 

tPLH. fpHL 

Maximum Propagation 

Delay, Enable to any Output 


14 

20 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta= -55to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 



60 

175 

220 

263 

ns 


Delay 



22 

El 

44 

53 

ns 




KIM 

19 

19 

38 

45 

ns 

tpHb tPLH 

Maximum Propagation 



45 

120 

150 

180 

ns 


Delay 



15 

24 

30 

36 

ns 





13 

20 

25 

30 

ns 

tTHL. tTLH 

Maximum Output Rise 



30 

75 

95 

110 

ns 


and Fall Time 



8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 



45 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpp determines the no load dynamic power consumption, Po=CpD Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
is=CpD Vcc f+lcC’ 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor . 

microCMOS 

MM54HC533/MM74HC533 TRI-STATE® Octal D-Type Latch 
with Inverted Outputs 


General Description 

These high speed OCTAL D-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow- 
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE input is high, the Q outputs wili 
foilow the inversion of the D inputs. When the LATCH EN- 
ABLE goes low, data at the D inputs will be retained at the 
outputs until LATCH ENABLE returns high again. When a 
high logic level is applied to the OUTPUT CONTROL input, 
ali outputs go to a high impedance state, regardless of what 
signals are present at the other inputs and the state of the 
storage elements. 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay; 13 ns 

■ Wide operating voltage range; 2 to 6 volts 

■ Low input current: 1 fxA maximum 

■ Low quiescent current: 80 jiiA, maximum (74HC series) 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 



Connection Diagram 


Dual-ln-Llne Package 


LATCH 

ENABLE 

Vqc bo bo 70 7Q 60 60 SO SO G 




OUTPUT 10 
CONTROL 


MM54HC533/MM74HC533 
54HC533(J) 74HC533(J,N) 


Truth Tabie 


Output 

Control 

Latch 

Enable 

G 

Data 

Output 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

Qo 

H 

X 

X 

Z 


H ■= high level, L = low level 

Oo level of output before steady-state input conditions 
were established. 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage {V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (l|K, Iqk) 

DC Output Current, per pin (Iqut) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) 


-0.5 to +7.0V 
-1.5 to VCC+1-5V 
—0.5 to Vcc + 0-5V 
±20 mA 
±35 mA 
±70 mA 
-65°Cto ±150°C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


260°C 


DC Electrical Characteristics 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

2 

6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vqut) 




Operating Temperature Range 

(Ta) 



MM74HC 

-40 

±85 

“C 

MM54HC 

-55 

±125 

"C 

Input Rise or Fall Times 




Or.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 






Ta= 

25°C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= -40 to85°C 

TA=-55to125°C 

Units 

■ 1 







1 

Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 

. 

M 

■ 

mi 



n 


Input Voltage 


mm 





mm 




6.0V 1 

■ 

Bl 



mM 

V|L 

Maximum Low Level 



■ 


0.3 

0.3 

V 


Input Voltage 


wm 

■ 


0.9 

0.9 

V 




6.0V 

■l 

1.2 

1.2 

■••2 

V 

Vqh 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

|IoutI^ 20 p,A 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 6-0 fTlA 


4.2 

3.98 


3.7 

V 



IIoutI^ 7.8 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|Hor V|L 

M 







Output Voltage 

|louTr^20p,A 


0 

0.1 

0.1 

0.1 

D 





0 

0.1 

0.1 

0.1 

Bl 



! . ■ ■ ' 

6.0V 

0 

0.1 

0.1 

0.1 

H 



V|N = V|HorV|L 

IIqutI^S.O mA 

4.5V 

0.2 

0.26 


0.4 

V 



IIoutN 7.8 mA 

1^3 

0.2 

0.26 


0.4 

V 

l|N 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

•oz 

Maximum TRI- 

V|n = V|h or V|L, OC = V|H 

6.0V 

■ 

±0.5 

±5 , ■ 

±10 

fxA 


STATE Output 
Leakage Current 

VoUT = Vcc or GND 


■ 





icc 

Maximum Quiescent 

V|[\j = Vcc or GND 

6.0V 


8.0 

80 

160 

fxA 


Supply Current 









Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Unless otherwise specified aii voitages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power suppiy of 5V ±10% the worst case output voltages (Voh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case ieakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voitage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25°c, tr=tf=6 ns 


Conditions 


Cl = 45 pF 


Cl = 45 pF 


Rl= 1 kfl 
Cl = 45 pF 


Rl=i kn 
Cl = 5pF 


Symbol 

Parameter 

tPHL. tpLH 

Maximum Propagation Delay, Data to Q 

tPHL. tpLH 

Maximum Propagation Delay, Enable to Q 

tpZH. tpZL 

Maximum Output Enable 

Time 

tpHZ. *PLZ 

Maximum Output Disable 

Time 

ts 

Minimum Set Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 




AC Electrical Characteristics Vcc = 2.0V-6.0V, Cl=50 pF, tr=tf=6 ns (unless othenvise specified) 


Ta = 25»C 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay, Data to Q 

<PHL. tPLH 

Maximum Propagation 

Delay, Enable to Q 

tpZH. tp2L 

Maximum Output Enable Time 

N 

X 

CL 

Maximum Output Disable 

Time 

ts 

Minimum Set Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

CPD 

Power Dissipation Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 

Gout 

Maximum Output Capacitance 


Conditions Vcc 


Cl=50pF 2.0V 50 150 

Cl=150pF 2.0V 80 200 


Cl = 50pF 4.5V 22 
Cl=150pF 4.5V 30 


Cl = 50pF 6.0V 19 26 

Cl=150pF 6.0V 26 35 


Cl=50pF 2.0 V 63 175 

Cl=150pF 2.0V 110 225 


Cl = 50pF 4.5V 25 35 

Cl=150pF 4.5V 35 45 


Cl=50pF 6.0V 21 30 
Cl=150pF 6.0V 28 39 


Rl=i kn 

Cl=50pF 2.0V 5 
Cl=150pF 2.0V 8 


Cl=50pF 4.5V 21 
Cl = 150pF 4.5V 30 


Cl=50pF 6.0V 19 
Cl=150pF 6.0V 26 


RL=1kn 2.0V 50 150 

Cl=50pF 4.5 V 21 30 

6.0V 19 26 


74HC 54HC 

TA=-40to85°C Ta= -55to125°C 





Note 5: Cpp determines the no load dynamic power consumption, Pd=Cpo Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc f+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC534/74HC534 


National 

Semiconductor 


microCMOS 


MM54HC534/MM74HC534 

TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 


General Description 

These high speed Octal D-Type Flip-Flops utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-weli CMOS. 
They possess the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are transferred to the Q outputs on positive going transi- 
tions of the CLOCK (CK) input. When a high logic level is 
applied to the OUTPUT CONTROL (OC) input, all outputs go 
to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
eiements. 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation deiay: 15 ns 

■ Wide operating voltage range: 2-6V 

■ Low input current: 1 fiA maximum 

■ Low quiescent current: 80 ju.A maximum 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 


Connection Diagram 


Oual-ln-Line Package 


Vcc >3 ao 70 To to lo ao ao ciecK 


Truth Tabie 


MM54HC534/MM74HC534 
54HC534 (J) 74HC534 (J,N) 


Output 

Control 

Clock 

Data 

Dutpul 

L 

T 

H 

L 

L 

T 

L 

H ■ 

L 

L 

X 

Qo 

H 

X 

X 

Z 


H = High Level, L = Low Lovol 
X = Don’t Care 

t = Transition from low-to-high 

Z = High impedance state 

Qfl = The level of the output before steady state 

input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) ' -0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 35 mA 

DC Vcc or GND Current, per pin (Icc) ±70mA 

Storage Temperature Range (Tstg) -65°C to + ISO'C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T J (Soldering 1 0 seconds) 260°C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

•in 

Maximum Input 
Current 

•oz 

Maximum TRI-STATE 
Output Leakage 
Current 

•cc 

Maximum Quiescent 
Supply Current 


Ta=25»C 



74HC 54HC 

TA=-40to85X Ta= - 55tOl25'C 


Guaranteed Limits 

1.5 

1.5 

1.5 

3.15 

3.15 

3.15 

4.2 

4.2 

4.2 



4.5V 4.2 3.98 
6.0V 5.7 5.48 


2.0V 0 0.1 

4.5V 0 0.1 

6.0V 0 0.1 



|IoutI^ 20 fiA 


V|N = V|H orViL 
IIoutI^Q.O mA 
1100x1^7.8 mA 


V|N = V|H orViL 
|IoutI^ 20 fiA 


V|N = V|H or V|L 
|loUTl^6.0mA 
||outI^ 7.8 mA 


V|N = Vcc or GND 


VoUT^VccorGND 


louT = 0fAA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and Vil occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (Iin. 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


±0.1 

±1.0 

±1.0 

fiA 

±0.5 

±5 

±10 

pA 

8.0 

80 

160 

jiA 
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MM54HC534/74HC534 


AC Electrical Characteristics vcc=5v. ta=25"c, tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

fMAX 

Maximum Operating Frequency 



35 

MHz 

fpHb tPLH 

Maximum Propagation Delay Clock to Q 

Cl = 45 pF 

23 

32 

ns 

tpZHi fpZL 

Maximum Output Enable 

Time 

Rl=i kn 

Cl =45 pF 

21 

28 

ns 

tpHZ. tPLZ 

Maximum Output Disable 

Time 

Rl=i kn 

Cl = 5 pF 

19 

25 

ns 

ts 

Minimum Set Up Time 


10 

20 

ns 

tH 

Minimum Hold Time 


0 

5 

ns 

tw 

Minimum Pulse VVidth 


9 

16 

ns 


AC Electricai Characteristics Vcc=2.0-6.0V, Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25'’C 

74HC 

TA=-40to SS'C 

54HC 

Ta=- 55 to125'C 

Units 

UIl 

Guaranteed Limits | 

fwAX 

Maximum Operating 

Cl = 50 pF 


ll 

6 

5 

4 

MHz 


Frequency 




30 

24 

20 

MHz 






35 

28 

23 

MHz 

*PHL. tpLH , 

Maximum Propagation 

Cl = 50 pF 

2.0V 

68 

180 

225 

270 

ns 


Delay, Clock to Q 

Cl = 150 pF 

2.0V 

110 

230 

288 

345 

ns 



Cl = 50 pF 

4.5V 

22 

36 

45 

48 

ns 



Cl = 150 pF 

4.5V 

30 

46 

57 

69 

ns 



Cl = 50 pF 

6.0V 

20 

31 

39 

46 

ns 



Cl = 150 pF 

6.0V 

28 

40 

50 

60 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 









Cl = 50 pF 

2.0V 

50 

150 

189 

225 

ns 



Cl = 150 pF 

2.0V 

80 

200 

250 

300 

ns 



Cl = 50 pF 

4.5V 

21 

30 

37 

45 

ns 



Cl = 150 pF 

t 4.5V 

29 

40 

50 

60 

ns 

- 


Cl = 50 pF 

6.0V 

19 

26 

31 

39 

ns 



Cl = 150 pF 

6.0V 

25 

35 

44 

53 

ns 

tPHZ. fPLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

50 

150 

189 

225 

ns 


Time 

Cl = 50 pF 

4.5V 

21 

30 

37 

45 

ns 




6.0V 

19 

26 

31 

39 

ns 

ts 

Minimum Set Up Time 



■1 

100 

125 

150 

ns 




4.5V 


20 

25 

30 

ns 




6.0V 

H 

17 

21 

25 

ns 

tH 

Minimum Hold Time 




5 

5 

5 

ns 




Wi 


5 

5 

5 

ns 





H 

5 

5 

5 

ns 

tw 

Minimum Pulse Width 


2.0V 

n 

80 

100 

120 

ns 




4.5V 


16 

20 

24 

ns 




6.0V 

■ 

14 

18 

20 

ns 

tTHL. tTLH 

Maximum Output Rise 

Cl = 50 pF 

2.0V 

25 

60 

75 

90 

ns 


and Fall Time 


4.5V 

7 

12 

15 

18 

ns 




6.0V 

6 

10 

13 

15 

ns 

tr.tf 

Maximum Input Rise and Fall Time 



■| 


1000 

1000 

ns 






mi 

500 

500 

ns 





1^1 

HI 

400 

400 

ns 

CpD 

Power Dissipation 

(per flip-flop) 






pF 


Capacitance (Note 5) 

OC=Vcc 


30 







OC=Gnd 

IBI 

50 





C|N 

Maximum Input Capacitance 



5 

mm 

10 

10 

pF 

Gout 

Maximum Output Capacitance 



la 


20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ f+lcc Vcc- and the no load dynamic current consumption, 
Is=Qpd Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MIVI54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


l\/IM54HC540/MM74HC540 
Inverting Octal TRI-STATE® Buffer 
MM54HC541 /MM74HC541 
Octal TRI-STATE Buffer 


PRELIMINARY 


microCMOS 


General Description 

These TRI-STATE buffers utilize microCMOS Technology, 
3.5 micron silicon gate P-well CMOS. They possess high 
drive current outputs which enable high speed operation 
even when driving large bus capacitances. These circuits 
achieve speeds comparable to low power Schottky devices, 
while retaining the advantage of CMOS circuitry, i.e., high 
noise immunity, and low power consumption. Both devices 
have a fanout of 15 LS-TTL equivalent inputs. 

The MM54HC540/MM74HC540 is an inverting buffer and 
the MM54HC541/MM74HC541 is a non-inverting buffer. 
The TRI-STATE control gate operates as a two-input NOR 
such that if either G1 or G2 are high, all eight outputs are in 
the high-impedance state. 



In order to enhance PC board layout, the ’HC540 and 
’HC541 offers a pinout having inputs and outputs on oppo- 
site sides of the package. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 

Features 

■ Typical propagation delay; 12 ns 
B TRI-STATE outputs for connection to system buses 
a Wide power supply range: 2-6V 
B Low quiescent current: 80 jitA maximum (74HC series) 
n Output current: 6 mA 


Connection Diagrams 


Dual-ln-Llne Package 


Vcc 02 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 

Lo |l9 Its |l7 lie |l9 |l4 |t3 |l 2 ill 


Vcc 02 Y 1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 
I 20 |l9 |l8 |l7 |l5 |l5 |l4 |l3 |l2 |l1 



r r r r r r r r r r 

r r r r r r r r r r 

G1 A1 A2 A3 A4 AS AS A7 A8 GNO 

G1 A1 A? A3 A4 AS AS A7 A8 GND 

TL/F/5341-1 

' TL/F/5341 -2 

MM54HC540/MM74HC540 

MM54HC541 /MM74HC541 

54HC540 (J) 74HC540 (J,N) 

54HC541 (J) 74HC541 (J.N) 
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MM54HC540/74HC540 

MM54HC541/74HC541 







MM54HC540/74HC540 

MM54HC541/74HC541 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to + 7.0V 


Min 

Max 

Units 

DC Input Voltage (Vim) 

-1.5toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (Icd) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±35 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

-c 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto +150‘’C 

input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (Ti) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Eiectricai Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25'’C 

74HC 

Ta=- 40 to 85X 

54HC 

Ta=- 55 to125X 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 

■ 

1.5 

1.5 

1.5 

n 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

mm 




6.0V 

H 

4.2 

4.2 

4.2 

mM 

V|L 

Maximum Low Level 


M 

■ 


0.3 

0.3 

V 


Input Voltage 


iii 

■ 


0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = V|H or V|L 








Output Voltage 

|louTl^20fAA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H or V|L 
|IoutI^ 6.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 7.8 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 








Output Voltage 

I•OUTI^20 p,A 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N==V|H orViL 
|IoutI^6.0 rriA 


0.2 



0.4 

V 



iloUTi^7.8 mA 


0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

JU.A 

loz 

Maximum TRI- 

V|N = V|H or V|L, G = V|h 

6.0V 

■ 

±0.5 

±5 

±10 

fxA 


STATE Output 
Leakage Current 

VouT“Vcc or GND 


■ 





Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0 V 


8.0 

80 

160 

fiA 


Supply Current 

•OUT = 0 fA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package; -12 mW/°C from 65°C to 85°C; ceramic "J" package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. a>id Vql) occur for HC at 4.5V. Thus the 4,5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5,5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc=5V, Ta = 25'’C, tr = tf = 6 ns 


Symboi 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 
Delay (540) 

Cl= 45 pF 

12 

18 

ns 

tpHL. tPLH 

Maximum Propagation 
Deiay (541) 

Cl = 45pF 

14 

20 

ns 

tpZH. tpZL 

Maximum Output Enable 
Time 

Rl= kfl 

Cl = 45 pF 

17 

28 

ns 

tpHZ. fpLZ 

Maximum Output Disable 
Time 

Rl= kfl 
Cl=5pF 

15 

25 

ns 



AC Electrical Characteristics 

Vcc=2.0\/ to 6.0V, Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay (540) 

<PHL. tpLH 

Maximum Propagation 

Deiay (541) 

tpZH. tpZL 

Maximum Output Enable 

Time 

1 

tPHZ. tpLZ 

Maximum Output Disable 

Time 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 

Capacitance (Note 5) 

ClN 

Maximum input 

Capacitance 

! 

Gout 

Maximum Output Capacitance 


Conditions Vcc 


Cl = 50 pF 
Cl= 150 pF 


Cl = 50 pF 
Cl=150 pF 


Cl = 50 pF 
Cl=150 pF 


Cl=50pF 2.0 V 
Cl=150pF 2.0V 


Cl =50 pF 
Cl= 150 pF 


.Cl=50 pF 
Cl=150 pF 


Ta=25“C 


Typ 


74HC 54HC 

TA=-40to85"C TA=-55to125'’C 



Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc* t+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc <+lcc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC543/MM74HC543 


National 

Semiconductor 

MM54HC543/MM74HC543 
Octal Registered Transceiver 

General Description 

This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vcc and ground. 

The HC543 contains two sets of D-type latches for tem- 
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For da ta flow from A to B, for example, the A-to-B enable 
(EAB) input must be ‘low’ in order to enter data from A0-A7 
or take dat a from B0-B7, as indicated in the I/O Control 
Table. With EAB low, a low signal on A-to-B latch enable 
(LEAB) input makes the A-to-B latch es tran sparent; a sub- 
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode a nd th eir o utputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the. 
data present at the output of the A la tches. Cont rol of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 


PRELIMINARY 



Features 

■ Octal TRI-STATE outputs for bus applications 

■ Output drive capability; 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

■ Separate controls for data flow in each direction 


I/O Control Table 


Inputs 

Latch Status 
A-to-B 

Output Buffers 

EAB 

LEAB 

OEAB 

B0-B7 

H 

X 

X 

Storing 

Hi-Z 

X 

H 

— 

Storing 

— 

X 

— 

H 

— 

Hi-Z 

L 

L 

L 

Transparent 

Current A Inputs 

L 

H 

L 

Storing 

Previous A Inputs* 


‘Before LEAB low-to-high transition 
H = high voltage level 
L= low voltage level 
X = Don’t care 

tA-to-B data flow shown: B-to-A flow control is the same, except uses 
EBA, LEBA and OEBA 


Logic Diagram 


Connection Diagram 



Dual-ln-Line Package 


A3. — 

1 

24 

A4 — 

2 

23 

A5 — 

3 

22 

A6 — 

4 

21 

A7 — 

5 

20 

Vcc — 

6 

19 

B7 — 

7 

18 

B6 ^ — 

8 

17 

B5 — 

9 

16 

B4 — 

10 

15 

B3 — 

11 

14 

BZ — 

12 

13 


\— OEAB 


TOP VIEW 
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National 

Semiconductor 

MM54HC544/MM74HC544 

Octal Registered Inverting Transceiver 


PRELIMINARY 


microCMOS 


General Description 


This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vcc and ground. 

The HC544 contains two sets of D-type latches for tem- 
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For d ata flow from A to B, for example, the A-to-B enable 
(EAB) input must be ‘low’ in order to enter data from A0-A7 
or take data from B0-B7, as indicated in the I/O Control 
Table. With EAB low, a low signal on A-to-B latch enable 
(LEAB) input makes the A-to-B latch es tran sparent; a sub- 
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode a nd th eir o utputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A la tches. Cont rol of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 


Features 

■ Inverting outputs 

■ Octal TRI-STATE outputs for ;tP bus applications 

■ Output drive capabjiity: 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

■ Separate controls for data flow in each direction 


I/O Control Table 



Inputs 

Latch Status 

Output Buffers 

EAB 

LEAB 

OEAB 

A-to-B 

B0-B7 

H 

X 

X 

Storing 

Hi-Z 

X 

H 

— 

Storing 

— 

X 

— 

H 

— 

Hi-Z 

L 

L 

L 

Transparent 

Current A Inputs 

L 

H 

L 

Storing 

Previous A Inputs* 


* Before LEAB low-to-high transition 
H = high voltage level 
L= low voltage level 
X = don’t care 

t A-to - B data flow shown : B-to-A flow control is the same, except uses 
EBA, LEBA and OEBA 
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^ National 
mSm Semiconductor 

MM54HC550/MM74HC550 Octal Registered 
Transceiver with Status Flags 


PRELIMINARY 



microCMOS 


General Description 

This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well.CMOS, and'is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vcc and ground. 

The MM54HC550/MM74HC550 contain two 8-bit registers 
for temporary storage of data flowing in either direction. 
Each register has its own clock pulse and clock enable in- 
puts, as well as a flag flip-flop that is set automatically as 
the register is loaded. Each flag flip-flop is provided with a 
clear input, and each register has a separate output 
enable control for its TRI-STATE® buffers. The separate 
clocks, flags and enables provide considerable flexibility 
as I/O ports for demand-response data transfer. 

Data applied to the A inputs is entered and stored-on the 
rising edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip- 
flop is set and the A-to-B flag (FAB) output goes high. Data 


thus entered from the A inputs is present at the inputs to 
the B output buffers, but appea rs only on the B I/O pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a l ow-to- high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func- 
tion from the receiving system. 

Data flow from B-to-A proce eds In the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B in- 
put data and s et the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to- 
high transition on CFBA clears the FBA flag. 


Features 

■ Output drive: 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

■ Register status flag flip-flops 

■ Separate edge-detecting clears for flag 


Logic Diagram 


Connection Diagram 



Dual-ln-Llne Package 
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National 

Semiconductor 


MM54HC551/MM74HC551 Octal Registered 
Inverting Transceiver with Status Flags 


PRELIMINARY 


microCMOS 


General Description 


This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vcc and ground. 

The MM54HC551/MM74HC551 contain two 8-bit registers 
for temporary storage of data flowing in either direction. 
Each register has its own clock pulse and clock enable in- 
puts, as well as a flag flip-flop that is set automatically as 
the register is loaded. Each flag flip-flop is provided with a 
clear input, and each register has a separate output 
enable control for its TRI-STATE® buffers. The separate 
clocks, flags and enables provide considerable flexibility 
as I/O ports for demand-response data transfer. 

Data applied to the A inputs is entered and stored on the 
rising edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip- 
flop is set and the A-to-B flag (FAB) output goes high. Data 
thus entered from the A inputs is present at the inputs to 


the B output buffers, but appea rs only on the B I/O pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a lo w-to -high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func- 
tion from the receiving system. 

Data flow from B-to-A procee ds i n the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B in- 
put data and s et the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to- 
high transition on CFBA clears the FBA flag. 


Features 

■ Inverting outputs 

■ Output drive: 15 LS-TTL loads 

■ Large output current: 6 mA 

H Back-to-back registers for storage 

■ Register status flag flip-flops 

■ Separate edge-detecting clears for flag 













MM54HC563/74HC563 




National 

Semiconductor 


MM54HC563/MM74HC563 



TRI-STATE® Octal D-Type Latch with Inverted Outputs 


General Description 

These high speed OCTAL D-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow- 
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE (LE) input is high, the Q outputs 
will follow the inversion of the D inputs. When the LATCH 
ENABLE goes low, data at the D inputs will be retained at 
the outputs until LATCH ENABLE returns high again. When 
a high logic Ipvel is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 


The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. • 

Features 

n Typical propagation delay: 13 ns 

■ Wide operating voltage range: 2 to 6 volts 

■ Low input current: 1 jitA maximum 

■ Low quiescent current: 80 pA maximum (74 series) 

■ Compatible with bus-oriented systems 

B Output drive capability: 15 LS-TTL loads 
B Same as 580 


Connection Diagram 


Dual-ln-Line Package 

LATCH 

Vcc 16 20 3Q 4Q 50 6Q 7Q 8Q ENABLE 



OUTPUT ID 20 30 40 50 60 70 80 GNO 

CONTROL 


TOP VIEW 

MM54HC563/MM74HC563 


TL/F/5210-1 


54HC563 (J) 74HC563 (J,N) 


Truth Table 


Output 

Control 

Latch 

Enable 

Data 

Output 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

QO 

H 

X 

X 

Z 


H = high level, L = low level 
Qq = level of output before steady-state input 
conditions were established 


Z = high impedance 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVce + 1-5V 

Supply Voltage(Vce) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5toVce + 0.5V 

DC Input or Output Voltage 

0 

Vee 

V 

Clamp Diode Current (Ice) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqlit) 

±35 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

■°C 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150'’C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vce = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vce = 4.5V 


500 

ns 



. Vce=6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

1 

Ta = 

= 25X 

74HC 

Ta= -40 to 85'C 

54HC 

Ta=- 55 to125'C 

Units 


Guaranteed Limits 

ViH 

Minimum High Level 



■ 

la 

mKsm 

1.5 

V 


Input Voltage 


4.5V, 


19 


3.15 

V 




6.0V 1 

■ 

HI 


4.2 

V 

VlL 

Maximum Low Level Input 


2.0V 1 

■ 


0.3 

0.3 

n 


Voltage 


4.5V 


^^9 

0.9 

0.9 

n 




6.0V 

■ 

1.2 

1.2 

1.2 


Vqh 

Minimum High Level 

ViN = ViH or V|L 

Mi 







Output Voltage 

lbuTl^20 fxA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




6.0V 1 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|Hor V|L 

Ml 








lbUTl^6.0 mA 


4.2 

3.98 


3.7 

V 



ibuTl^^.B mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

ViN = V|HOrV|L 

Mi 





Mi 


Output Voltage 

lbuTl^20 ^A 

mi 

0 

0.1 

0.1 

0.1 

n 




HI 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HorV|L 

Mi 


Hi 






lbUTl^6-0 ffiA 

mt 

0.2 



0.4 

V 



lbUTl^7.8 mA 


0.2 

wm 


0.4 

V 

IlN 

Maximum Input Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

bz 

Maximum TRI-STATE Output 

VoUT^VccorGND 

6.0V 


±0.5 

±5.0 

±10 

liA 


Leakage Current 

I 
> 

II 

o 

O 







be 

Maximum Quiescent Supply 

V|N = Vcc or GND 



8.0 

80 

160 

jiA 


Current 

buT = 0FA 








Note 1: Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified ail voitages are referenced to ground. 

Note 3; Power Dissipation temperature derating — piastic “N” package; -12 mW/°C from SS'C to 85°C; ceramic "J” package: -12 mW/°C from 
lOO’C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4,5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6,0V values should be used. 
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MM54HC563/74HC563 


AC Electrical Characteristics vcc=5v. ta=25°c. tr=tf=6 ns (Note 6) 


Symbol 


Maximum Propagation Delay, Data to Q 


tpHL. tpLH Maximum Propagation Delay, Clock to Q 


tpZH. tpzL Maximum Output Enable Time 


'PHZ. tPLZ Maximum Output Disable Time 


Minimum Set Up Time 


Minimum Hold Time 


Minimum Pulse Width 


AC Electrical Characteristics v 


Conditions 


Cl =45 pF 


Cl =45 pF 


Rl= 1 kn 
Cl = 45 pF 


Rl= 1 kn 
Cl =5pF 


Typ 

Guaranteed 

Limit 

Units 

12 

19 

ns 

12 

20 ' 

ns 

13 

25 

ns 

11 

20 

ns 

10 

15 

ns 

2 

5 

ns 

10 

16 

ns 


Symbol 


tpHL. tpLH Maximum Propagation 
Delay, Data to 0 


tpHL- tPLH Maximum Prop^ation 
Delay, Clock to Q 


tpzH- tpzL Maximum Output Enable 
Time 


tpHZ- tpLZ Maximum Output Disable 
Time 


Minimum Set Up Time 
Data to LE 


= 2.0-6.0V, tr^=6 ns (Note 6) 


Ta=25X 


Conditions 

Vcc 

Typ 

Cl = 50 pF 

2.0V 

45 

Cl =150 pF 

2.0V 

58 

Cl =50 pF 

4.5V 

14 

Cl =150 pF 

4.5V 

21 

Cl = 50 pF 

6.0V 

12 

Cl = 150 pF 

6.0V 

19 

Cl = 50 pF 

2.0V 

46 

Cl =150 pF 

2.0V 

60 

Cl = 50 pF 

4.5V 

14 

Cl =150 pF 

4.5V 

21 

Cl = 50 pF 

6.0V 

12 

Cl =150 pF 

6.0V 

19 




Cl = 50 pF 

2.0V 

55 

Cl =150pF 

2.0V 

67 

Cl = 50 pF 

4.5V 

15 

Cl = 150 pF 

4.5V 

24 

Cl = 50 pF 

6.0V 

14 

Cl =150 pF 

6.0V 

22 

Rl=i kn 

2.0V 

El 

Cl = 50 pF 

4.5V 

El 


6.0V 

mm 


Guaranteed Limits 


138 165 

188 225 



30 75 

10 . 15 


Minimum Hold Time 
LE to Data 


Minimum Pulse Width, LE 
Do 


Maximum Input Rise and 
Fall Time 


tTLH. tTHL 


Maximum Output Rise 
and Fall Time 


Cl = 50 pF 


Power Dissipation Capacitance 
(Note 5) (per latch) 


Maximum Input Capacitance 


Maximum Output Capacitance 


OE = Vcc 
OE=GND 


10 

10 

20 

20 


Note 5: Cpo determines the no load dynamic power consumption, Pq=Cpd Vcc^ 1+lcc Vcc. and the no load dynamic current consumption, 
ls=Cpo Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC564/MM74HC564 

TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 

General Description 

These octal D-type flip-flops utilize microCMOS Technol- 
ogy, 3.5 micron silicon gate P-well CMOS. They possess the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are transferred to the 0 outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay; 15 ns 

■ Wide operating voltage range: 2V-6V 

■ Low input current; 1 maximum 

■ Low quiescent current: 80 fiA maximum (74HC Series) 

■ Compatible with bus-oriented systems 

■ Output drive capability; 15 LS-TTL loads 

■ Same as 576 


Connection Diagram 


Duai-ln-Une Package 

LATCH 

Vcc 1Q 2Q 3Q 40 50 60 70 80 ENABLE 



OUTPUT ID 20 30 40 50 60 70 80 GNO 

CONTROL 


TOP VIEW TI./F/5211-1 

MM54HC564/MM74HC564 
54HC564(J) 74HC564(J,N) 

Truth Table 


Output 

Control 

Clock Data 

Output 

L 

T H 

L 

L 

T L 

H 

L 

L X 

Qo 

H 

X X 

z 


H = High Level, L = Low Level 
X = Don't Care 

t = Transition from low-to-high 
Z = High Impedance State 
Qo = The level of the output before steady state 
Input conditions were established . 
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MM54HC564/74HC564 


Absolute Maximum Ratings (Notes i & 2) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to -f-7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

—0.5 to Vcc + 0-5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

± 20 mA ' 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±35 mA 

Operating Temperature Range(TA) 
MIVI74HC -40 

+ 85 

°c 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55. 

• +125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto +150'‘C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1006 

ns 

Lead Temperature (Ti ) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

= 25'’C 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta=- 55 t0l25X 

Units 

BH 

Guaranteed Limits 

V|H 

Minimum High Level Input 



■ 

la 


1.5 

V 


Voltage 




Kfiifa 


3.15 

V 




6.0V 

■ 

Km 


4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 ' 

0.3 

V 


Voltage 


4.5V 



0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level Output 

V|n-V|h orViL 

M 







Voltage 

|IoutI^20 hA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

■■ 




6.0V 

6.0 

5.9 

5.9 

5.9 

n 



V|N = V|H orV|L 

m 








|IoutI^ 6.0 mA 

QJj 

4.2 

3.98 


3.7 

V 



|IoutI^ 7.8 mA 

la 

5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level Output 

V|N = V|HorV|L 


■ 




■1 


Voltage 

|IoutI^ 20 p,A 

2.0V 

D 

0.1 

0.1 

0.1 





4.5V 

D 

0.1 

0.1 

0.1 





6.0V 

Q 

0.1 

0.1 

0.1 




V|N = V|H orViL 






■ 



|IoutI^ 6.0 mA 

4.5V 

0.2 

0.26 


0.4 

n 



|IoutI^ 7.8 mA 

6.0V 

0.2 

0.26 


0.4 

n 

l|N 

Maximum Input Current 

V|N~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

liA 

loz 

Maximum TRI-STATE Output 

VouT=VccorGND 

6.0V 


±0.5 

±5.0 

±10 

fiA 


Leakage Current 

X 

> 

II 

o 

O 







•cc 

Maximum Quiescent Supply 

V|N = Vcc dr GND 

6.0V 


8.0 

80 

160 

/liA 


Current 

IOUT=0 jiA 




' 




Note 1; Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic "J" package; -12 mW/°C from 
100°C to 125‘’C. 

Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst-case leakage current 
(liN. Icc- and loz) occur tor CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25"c. tr=t,=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Operating Frequency 


50 

35 

MHz 

fpHL. tpLH 

Maximum Propagation Delay, Clock to Q 

Cl = 45 pF 

12 

20 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 

Cl = 45 pF 

13 

25 

ns 

tpHZ. tpLZ 

Maximum Output Disable Time 

RL=1ka 

Cl=5pF 

11 

20 

ns 

ts 

Minimum Set-Up Time 



20 

ns 

tH 

Minimum Hold Time 



0 

ns 

tw 

Minimum Pulse Width 



16 

ns 


AC Electrical Characteristics Vcc = 2.0-6.0V, Cl= 50 pF, tr = tf = 6 ns (unless otherwise specified) 
(Note 6) 


Symbol 

Parameter 

Conditions 

— 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=-55 10 125^ 

Units 

Typ 

Guaranteed Limits 

fMAX 

Maximum Operating Frequency 

Cl =50 pF 


m 

6 

5 

4 

MHz 




ESI 


30 

24 

20 

MHz 





m 

35 

28 

23 

MHz 

tpHL. tPLH 

Maximum Propagation 

Cl = 50pF 


40 

115 

143 

173 

ns 


Delay, Clock to Q 

Cl = 150 pF 


51 

155 

194 

233 

ns 



Cl=50pF 

4.5V 

13 

23 

29 

35 

ns 



Cl = 150 pF 

4.5V 

19 

31 

47 

47 

ns 



Cl = 50pF 

6.0V 

12 

20 

25 

30 

ns 



Cl = 150 pF 

6.0V 

18 

27 

34 

41 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 








Time 

Cl = 50 pF 

2.0V 

45 

140 

175 

210 

ns 



Cl = 150 pF 

2.0V 

59 

180 

225 

270 

ns 



Cl = 50 pF 

4.5V 

14 

28 

35 

42 

ns 



Cl = 150pF 

4.5V 

20 

36 

45 

54 

ns 



Cl = 50 pF 

6.0V 

12 

24 

30 

36 

ns 



Cl = 150pF 

6.0V 

18 

31 

39 

47 

ns 

tpHZ. tPLZ 

Maximum Output Disable Time 

Rl=i kn 

2.0V 

35 

125 

156 

188 

ns 



Cl=50pF 

4.5V 

12 

25 

31 

38 

ns 




6.0V 

10 

21 

27 

32 

ns 

ts 

Minimum Set-Up Time 


BSl 

m 

100 

125 

150 

ns 


Data to Clock 


Km 


20 

25 

30 

ns 





H 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 


0 

0 

0 

ns 


Clock to Data 


4.5V 


0 

0 

0 

ns 




6.0V 


0 

0 

0 

ns 

tTHL. tTLH 

Maximum Output Rise 

Cl = 50 pF 


25 

60 

75 

90 

ns 


and Fall Time 



7 

12 

15 

18 

ns 




1^9 

6 

10 

13 

15 

ns 

tw 

Minimum Clock Pulse Width 


2.0V 

30 

80 

100 

120 

ns 




4.5V 

8 

16 

20 

24 

ns 




6.0VO 

7 

14 

18 

20 

ns 

tr.tf 

Maximum Input Rise and Fall Time 


2.0V 

m 

1000 

1000 

1000 

ns 




4.5V 


500 

500 

500 

ns 




6.0V 

H 

400 

400 

400 

ns 

CpD 

Power Dissipation Capacitance 

OC=VCC 


30 




pF 


(Note 5) (per latch) 

OC=GND 


50 




pF 

C|N 

Maximum input Capacitance 



5 

mm 

10 

10' 

pF 

Gout 

Maximum Output Capacitance 



la 


20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC573/74HC573 



National 

Semiconductor 



microCMOS 


MM54HC573/MM74HC573 
TRI-STATE® Octal D-Type Latch 


General Description 

These high speed octal D-type latches utilize microCMOS 
Technology, 3.5 micron silicon gate P-well CMOS. They 
possess the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits, as well as the 
ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 

When the LATCH ENABLE(LE) input is high, the Q outputs 
will follow the D inputs. When the LATCH ENABLE goes 
low, data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL OC input, ali outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


The 54HC/74HC logic family is speed, function and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 13 ns 

■ Wide operating voltage range; 2 to 6 volts 

■ Low input current: 1 /lA maximum 

■ Low quiescent current: 80 /lA maximum (74HC series) 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 


Connection Diagram 

Dual-ln-Llne Package 

LATCH 


Vcc IQ 20 30 40 50 60 70 80 ENABLE 



TOP VIEW TL/F/5212-1 

MM54HC573/MM74HC573 
54HC573 (J) 74HC573 (J,N) 


Truth Tabie 


Output 

Control 

Latch 

Enable 

Data 

Output 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

Qo 

H 

X 

X 

z 


H = high level, L = low level 

Qq = level of output before steady-state input 

conditions were established. 

Z = high impedance 
X = Don’t care 
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Absolute Maximum Ratings (Notes i & 2) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to -I-7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5toVcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage {Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iout) 

±35 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

"C 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto -t-150°C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns. 

DC Electrical Characteristics (Note 4) 







Ta = 25°C 


Ta= -40 to 85“C Ta= -55 to 125'C 


Guaranteed Limits 







Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage 


Minimum High Level Output 
Voltage 


V|N = V|hO'' V|l 
|IoutI^ 6.0 mA 
1 IolitI^ 7.8 mA 


Maximum Low Level Output V|n = Vm or V|l 
V oltage 1 IoutI^ 20 fiA 


V|N = V|HorViL 
|IoutI^ 6.0 mA 
IIoutI^^.S mA 


I|N 

Maximum Input Current 

V|N — Vcc O'” GND 

6.0V 


±0.1 

±1.0 

±1.0 

/lA 

loz 

Maximum TRI-STATE Output 
Leakage Current 

Vqut = V cc or GND 
Oc = V|H 

6.0V 


±0.5 

±5.0 

±10 

fiA 

Icc 

Maximum Quiescent Supply 
Current 

ViN — Vcc or GND 
IOUT = 0 p,A 

6.0V 


8.0 

80 

160 

fiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. and VqJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case V|h and Vil occur at Vcc=5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst-case leakage current 
(I|N. Icc> and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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*4 

AC Electrical Characteristics vcc=5v, ta=25'’c, tr=t,=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay, Data to Q 

Cl = 45 pF 

12 

19 

ns 

tPHL. tPLH 

Maximum Propagation Delay, Clock to Q 

Cl = 45 pF 

12 

20 

ns 

tpZH. tPZL 

Maximum Output Enable Time 

Rl=i kn 
Cl=45pF 

13 

25 

ns 

tPHZ. tpLZ 

Maximum Output Disable Time 

Rl=i kn 

Cl= 5 pF 

11 

20 

ns 

ts 

Minimum Set Up Time 


10 

15 

ns 

tH 

Minimum Hold Time 


2 

5 

ns 

tw 

Minimum Pulse Width 


10 

16 

ns 


AC Electrical Characteristics (Note 6) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to85“C 

54HC 

TA=-55to125°C 

Units 

Typ 

1 Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

45 

110 

138 

165 

ns 


Delay Data to Q 

Cl = 150pF 

2.0V 

58 

150 

188 

225 

ns 



Cl = 50 pF 

4.5V 

14 

22 

28 

33 

ns 



Cl = 150 pF 

4.5V 

21 

30 

38 

40 

ns 



Cl = 50pF 

6.0V 

12 

19 

24 

29 

ns 



Cl=150pF 

6.0V 

19 

26 

33 

39 

ns 

tpHL. tpLH 

Maximum Propagation 

Cl =50 pF 

2.0V 

46 

115 

143 

173 

ns 


Delay, Clock to Q 

Cl = 150 pF 

2.0V 

60 

155 

194 

233 

ns 



Cl =50 pF 

4.5V 

14 

23 

29 

35 

ns 



Cl = 150 pF 

4.5V 

21 

31 

47 

47 

ns 



Cl=50pF 

6.0V 

12 

20 

25 

30 

ns 



Cl= 150 pF 

6.0V 

19 

27 

34 

41 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 








Time 

Cl = 50 pF 

2.0V 

55 

140 

175 

210 

ns 



Cl= 150 pF 

2.0V 

67 

180 

225 

270 

ns 



Cl =50 pF 

4.5V 

15 

28 

35 

42 

ns 



Cl= 150 pF 

4.5V 

24 

36 

45 

54 

ns 



Cl = 50 pF 

6.0V 

14 

24 

30 

36 

ns 



Cl= 150 pF 

6.0V 

22 

31 

39 

47 

ns 

tpHZ. tPLZ 

Maximum Output Disable 

Rl=i kn 

2.0V 

la 

125 

156 

188 

ns 


Time 

Cl = 50 pF 

4.5V 

la 

25 

31 

38 

ns 




6.0V 

la 

21 

27 

32 

ns 

ts 

Minimum Set Up Time 


2.0V 

30 

75 

95 

110 

ns 


Data to LE 


4.5V 

10 

15 

19 

22 

ns 




6.0V 

9 

13 

16 

19 

ns 

tH 

Minimum Hold Time 




25 

31 

38 

ns 


LE to Data 


4.5V 


5 

6 

7 

ns 






4 

5 

6 

ns 

tw 

Minimum Pulse Width LE 


2.0V 

30 

80 

100 

120 

ns 




4.5V 

9 

16 

20 

24 

ns 




6.0V 

8 

14 

18 

, 20 

ns 

tTLH. tTHL 

Maximum Output Rise 

Cl = 50 pF 

2.0V 

25 

60 

75 

90 

ns 


and Fall Time 


4.5V 

7 

12 

15 

18 

ns 




6,0V 

6 

10 

13 

15 

ns 

CpD 

Power Dissipation Capacitance 

OE=Vcc 


30 




pF 


(Note 5) (per latch) 

OE=GND 


50 




pF 

C|N 

Maximum Input Capacitance 



5 

■a 

10 

10 

pF 

COUT 

Maximum Output 



15 

20 

20 

20 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Po=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC574/MM74HC574 
TRI-STATE® Octal D-Type Flip-Flop 


microCMOS 


General Description 

These high speed octal D-type flip-flops utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 13 ns 

■ Wide operating voltage range: 2V-6V 

■ Low input current: 1 jxA maximum 

■ Low quiescent current: 80 /xA maximunt 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 


Connection Diagrams 


Dual-In-Line Package 


Vcc 10 2Q 30 40 50 60 70 80 ENABLE 

I20 |l9 |lB |l7 |l6 |l5 |l4 |l3 ilB ill 



1 2 3 4 5 6 7 8 9 10 


OUTPUT 10 20 30 40 SO ED 70 80 GND 

CONTROL 


MM54HC574yMM74HC574 
54HC574 (J) 74HC574 (J,N) 


Truth Table 


Output 

Control 

Clock 

Data 

Output 

L 

t 

H 

H 

L 

t 

L 

L 

L 

L 

X 

Qo 

H 

X 

X 

Z ' 


H = High Level, L == Low Level 
X = Don’t Care 

T = Transition from low-to-high 
Z = High impedance state 
Qo = The level of the output before steady state 
input conditions were established 
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MM54HC574/74HG574 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqui) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (T stg) 

Power Dissipation (Pp) (Note 3) 

Lead Temperature (TjJ (Soldering 10 seconds) 


Operating Conditions 


-0.5 to -f7.0V 


Min 

Max 

Units 

-1.5toVcc+1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vout) 




±35 mA 

Operating Temperature Range(TA) 



MM74HCL 

-40 

+ 85 

'C 

±70 mA 

MM54HC 

-55 

+ 125 

°c 

-65'’Cto +150‘‘C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

;onds) 260°C 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electricai Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25°C 

74HC 

Ta=- 40 to 85X 

54HC 

TA=-55to125X 

Units 

BB 

Guaranteed Limits 

V|H 

Minimum High Level Input 


^^9 

■ 

1.5 

1.5 

1.5 

V 


Voltage 




3.15 

3.15 

3.15 

V 




6.0V 

■ 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 


0.3 

0.3 

Bi 


Voltage 


4.5V 

B 


0.9 

0.9 

n 




6.0V 

B 

1.2 

1.2 

1.2 


Vqh 

Minimum High Level Output 

ViN = V|HorV|L 

Mi 







Voltage 

|IoutI^ 20 p,A 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

B 





6.0 

5.9 

5.9 

5.9 




V|N = V|H OrViL 




■Mi 


■ 



|IoutI^ 6.0 mA 

4.5V 

4:2 

3.98 


3.7 




jl0UTl^7.8 mA 

6.0V 

5.7 

5.48 


5.2 

n 

Vql 

Maximum Low Level Output 

V|N = V|HorV|L 

M 







Voltage 

|IoutI^20^A 

mi 

0 

0.1 

0.1 

0.1 

V 




Oil 

0 

0.1 

0.1 

0.1 

B 





0 

0.1 

0.1 

0.1 

B 



V|N = V|H orViL 

Mi 

n 

M 

BBBH 


■ 



|IoutI^ 6.0 mA 


B 



0.4 

■H 



jl0UTl^7.8 mA 


m 


BQ^B 

0.4 

Bi 

l|N 

Maximum Input Current 

V|N “ Vcc Of GND 

6.0V 


±0.1 

±1.0 

±1.0 

}iA 

Iqz 

Maximum TRI-STATE Output 

VoUT=VccOrGND 








Leakage Current 

I 
> 

II 

o 

O 

6.0V 


±0.5 

±5.0 

±10 

}iA 

Icc 

Maximum Quiescent Supply 

V|M = VccorGND 








Current 

•out^OmA I 

6.0V 


8.0 

80 

160 

fiA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ali voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 
100°C to 125'C. 


Note 4: For a power supply of 5V ±10% the worst-case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. VVorst-case V|h and V|l occur at Vec-S-SV and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst-case leakage current 
(I|N. Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25”c. tr=tf-6 ns 


Symbol 

Parameter 

^MAX 

Maximum Operating Frequency 

fpHL. tpLH 

Maximum Propagation Delay, Clock to Q 

IPZH. tpZL 

Maximum Output Enable Time 

tpHZ. tpLZ 

Maximum Output Disable Time 

ts 

Minimum Set-Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 


Cl = 45 pF 


Rl=i kn 
Cl= 45 pF 


Rl= 1 kn 
Cl= 5 pF 



AC Electrical Characteristics Vcc=2.0-6.0V, Cl = 50 pF, tr=tf=6 ns (unless othenvise specified) 


Symbol 

Parameter 

fMAX 

Maximum Operating Frequency 

tPHL. IPLH 

Maximum Propagation 

Delay, Clock to Q 

tpZH.IpZL 

Maximum Output Enable 

Time 

tpHZ. tpLZ 

Maximum Output Disable Time 

ts 

Minimum Set-Up Time 

Data to Clock 

tH 

Minimum Hold Time 

Clock to Data 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

tw 

Minimum Clock Pulse Width 

tr.tf 

Maximum Output Rise ‘ 
and Fall Time 

CpD 

Power Dissipation Capacitance 
(Note 5) (per latch) 

CiN 

Maximum Input Capacitance 

Gout 

Maximum Output Capacitance 



Conditions Vcc 


Cl = 50 pF 


Cl = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl= 150 pF 


Rl=i kn 
Cl = 50 pF 
Cl= 150 pF 


Cl = 50 pF 
Cl = 150 pF 


Cl= 50 pF 
Cl=150pF 


Rl= 1 kfl 
Cl = 50 pF 


Ta=25°C 




Cl=50pF 




Guaranteed Limits 

6 

5 

4 

30 

24 

20 

35 

28 

23 

115 

143 

173 

155 

194 

233 

23 

29 

35 

31 

47 

47 

20 

25 

30 

27 

34 

41 

140 

175 

210 

180 

225 

270 

28 

35 

42 

36 

45 

54 

24 

30 

36 

31 

39 

47 

125 

156 

188 

25 

31 

38 

21 

27 

32 

100 

125 

150 

20 

25 

30 

17 

21 

25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

60 

75 

90 

12 

15 

18 

10 

13 

15 

80 

100 

120 

16 

20 

24 

14 

18 

20 

1000 

1000 

1000 

500 

500 

500 

400 

400 

400 










OC=VCC 

OC=GND 


Note 5: CpD determines the no load dynamic power consumption, Pd=Cpq Vcc^ I+Icc Vcc. and the no load dynamic current consumption, 
Is^CpD Vcc f+Icc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


10 

10 

10 

20 

20 

20 
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MM54HC589/74HC589 



National 

Semiconductor 


MM54HC589/MIVI74HC589 

8-Bit Shift Registers with Input Latches 

and TRI-STATE® Serial Output 


PRELIMINARY 



microCMOS 


General Description 

This high speed shift register utilizes microCMOS Technolo- 
gy, 3.5 micron silicon gate P-well CMOS, to achieve the high 
noise immunity and low power consumption of standard 
CMOS integrated circuits, as well as the ability to drive 15 
LS-TTL loads. 

The 'HC589 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Data is serially entered on the SER pin. Both the 
storage registerand shift register have positive-edge triggered 
clocks. The shift register also has direct load (from storage) 
and a TRI-STATE output to enable the wire-ORing of 
multiple devices on a serial bus. 

The 54HC/74HC logic family is speed, function, and pin-but 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vqq and ground. 


Features 

D 8-Bit parallel storage register inputs 

■ Wide operating voltage range: 2V-6V 

■ Shift register has direct overriding load 

■ Guaranteed shift frequency . . . DC to 30 MHz 

■ Low quiescent current: 80 iiA maximum (74HC Series) 

■ TRI-STATE output for ‘Wire-OR’ 


Connection Diagram 

Dual-ln-Line Package 



MM54HC589/MM74HC589 
S4HC589 (J) 74HC589 (J,N) 


Truth Table 


RCK 

SCK 

SLOAD 

oi 

Function 

T 

X 

X 

X 

Data loaded to input latches 

• t 

X 

L 

H 

Data loaded from inputs to 
shift register 

No 

clock 

edge 

X 

L 

H 

Data transferred from 
input latches to shift 
register 

X 

X 

X 

L 

Serial output in high 
impedance state 

X 

T 

H 

H 

Shift register clocked 

QM = Qn-i.Qo = SER 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (Vin) 

-1.5 to Vcc+I.SV 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

— 0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

± 25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

°c 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

•c 

Storage Temperature Range (Tstg) 

-65°Cto +150'’C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti ) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Ouiescent 
Supply Current 


74HC 54HC 

TA=-40to85°C Ta= - 5Sto125°C Units 
Guaranteed Limits 




V|N = V|HorV|L 
|IoutI^ 4.0 mA 
jlouTi^5.2 mA 


V|N = V|HorV|L 
|IoutI^ 20 fiA 


ViN = V|Hor V|L 
|IoutI^ 4.0 mA 
jlouTl^5.2 mA 


V|N = VccorGND 6,0V 


IOUT = 0 mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note Z Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature. derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100°C to 125“C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur tor HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (Iin. 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25'c, cl=i5 pf. tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

UnlU 

Imax 

Maximum Operating Frequency for SCK 


50 

30 

MHz 

tPHL. tpLH 

Maximum Propagation Delay From SCK to Qh' 



30 

ns 

fPHL. tPLH 

Maximum Propagation Delay From SlOAD to Qh- 



30 

ns 

fpHL. tpLH 

Maximum Propagation Delay From RCK to Qh‘ 

SLOAD “logic ‘O’ 

25 

45 

ns 

tpZH. tpZL 

Output Enable Time 

Rl= 1 kO 

18 

28 

ns 

tpHZ. tPLZ 

Output Disable Time 

Rl= 1 kn Cl“5pF 

19 

25 

ns 

ts 

Minimum Set Up Time From RCK to SCK 


10 

20 

ns 

ts 

Minimum Set Up Time From SER to SCK 


10 

20 

ns 

ts 

Minimum Set Up Time From Inputs A thru H to RCK 


10 

20 

ns 

tH 

Minimum Hold Time 


0 

5 

ns 

tw 

Minimum Pulse Width SCK, RCK, SlOAD 


8 

16 

ns 


AC Electrical Characteristics Vcc=2.0-6V, Cl =50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

— 

= 25*C 

74HC 

TA=-40to85‘C 

54HC 

TA=-S5to125*C 

Units 

BB 

Guaranteed Limits 

fMAX 

Maximum Operating 



MM 

5 

4 

4 

MHz 


Frequency for SCK 




27 

21 

18 

MHz 






32 

25 

21 

MHz 

tPHL. tpLH 

Maximum Propagation 



62 

175 

220 

266 

ns 


Delay From SCK or SRLOAD 



20 

35 

43 

52 

ns 


toOH’ 


MMm 

18 

30 

37 

45 

ns 

tpHL. tpLH 

Maximum Propagation 



120 

225 

264 

335 

ns 


Delay from SCK or SRLOAD 

Ci. = 150 pF 


31 

45 

57 

67 

ns 


toQn 



28 

38 

46 

57 

ns 

tPHL. tpLH 

Maximum Propagation 


2.0V 

80 

210 

265 

313 

ns 


Delay From RCK to Qh' 


4.5V 

25 

42 

53 

63 

ns 




6.0V 

21 

36 

45 

53 

ns 

tPHL. tpLH 

Maximum Propagation 


2.0V 

80 

210 

265 

313 

ns 


Delay RCK to Qh' 

Ci.=150 pF 

4.5V 

25 

52 

66 

77 

ns 




6.0V 

21 

44 

56 

66 

ns 

tPZH. tpZL 

Output Enable Time 

RL=1kn 

2.0V 

70 

150 

189 

224 

ns 




4.5V 

22 

30 

38 

45 

ns 




6.0V 

20 

26 

32 

38 

ns 

tPHZ. tpLZ 

Output Disable Time 

Ru=ikn 

2.0V 

70 

1 150 

169 

224 

ns 




4.5V 

22 

30 

38 

45 

ns 




6.0V 

20 

26 

32 

38 

ns 

ts 

Minimum Set Up Time 




100 

125 


ns 


From RCK to SCK 




20 

25 


ns 






17 

22 


ns 

ts 

Minimum Set Up Time 


2.0V 


100 

125 

150 

ns 


, From SER to SCK 


4.5V 


20 

25 

30 

ns 




6.0V 

HU 

17 

22 

25 

ns 

ts 

Minimum Set Time 



■nm 

100 

125 

150 

ns 


From Inputs A thru H 




20 

25 

30 

ns 


to RCK 




17 

22 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

-5 


5 

5 

ns 




4.5V 

0 


5 

5 

ns 




6.0V 

1 


5 

5 

ns 

tw 

Minimum Pulse Width 



30 

80 

100 

120 

ns 


SCK, RCK, SCCR, SlOAD 



9 

16 

20 

24 

ns 




KB 

8 

14 

17 

20 

ns 


Maximum Input Rise and 


2.0V 

^M|| 

1500 

1500 

1500 

ns 


Fall Time 


4.5V 


500 

600 

500 

ns 




6.0V 


400 

400 

400 

ns 

tjHL. tTLH 

Maximum Output 


2.0V 

25 

60 

75 

90 

ns 


Rise and Fall Time 


4.5V 

6 

12 

15 

18 

ns 




6.0V 

5 

10 

12 

15 

ns 

CpD 

Power Dissipation 







pF 


Capacitance (Note 5) 








C|N 

Maximum input Capacitance 



5 

10 

10 

10 

pF 

CouT 

Maximum Output Capacitance 



BBI 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Po=Cpd Vcc* f+lcc Vcc- snd the no load dynamic current consumption, 
Is^CpD Vcc t+Icc- 

Note 6; Refer to back of this section tor Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


1-316 

























































































































































































Functional Block Diagram (positive logic) 
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MM54HC589/74HC589 






National 

Semiconductor 


MM54HC590/MM74HC590 8-Bit Binary 
Counter with TRI-STATE® Output Register 


PRELIMINARY 



General Description 


These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power and high noise immunity of CMOS logic, while 
offering the high speed operation and large output drive 
typically associated with bipolar circuits. 

The MM54HC590/MM74HC590 contain an 8-bit binary 
counter which feeds an 8-bit register. The counter is in- 
cremented on the risin g edge of the CCK input, provided that 
clock enable, CCKEN, is low. When the c ounte r increments 
to the all ones condition, ripple carry out, RCO, will go low. 
This enables eith er syn chronous cascading o f the cou nters 
by connecting the RCO of the first stage to the CCKEN of the 
second, or clocking both circuits in p arallel . Ripple cascading 
is accomplished by connecting the RCO of the first to the 
CCK of the second stage. A clear input is also provided which 
will reset the counter to the all zeros state. 


The output register is loaded with the contents of the 
counter on the rising edge of the register clock, RCK. The 
outputs of this register feed TRI-STATE outputs which are 
enabled when the enable input, G, is taken low. This 
enables connection of this part to a system bus. 

The MM54HC590/MM74HC590 are functional, speed and 
pin equivalent to the equivalent LS-TTL circuit. Its inputs 
are protected from damage due to the electrostatic 
discharge by diodes from Vcc to ground. 

Features 

B Wide power supply range: 2.0V to 6.0V 
H High input noise immunity 
n Wide operating frequency range: 30 MHz 
a High output current drive: 6.0 mA min 
B Low quiescent power consumption: 80 nA (74HC) 


Connection Diagram 


Dual-ln-Linc Package 



TOP VIEW tuf/5772.1 
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MM54HC590/74HC590 








MM54HC590/74HC590 
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National 

Semiconductor 


MM54HC592/MM74HC592 8-Bit Binary Counter 
with input Register 

MM54HC593/MM74HC593 8-Bit Binary Counter 
with Bidirectionai input Register/Counter Outputs 

General Description 

These counters are implemented using an advanced 
3.0 micron silicon gate N-well mIcroCMOS process to 
achieve high performance. These devices retain the low 
power and high noise immunity of CMOS logic, while 
offering the high speed operation and large output drive 
typically associated with bipolar circuits. 

The MM54HC592/MM74HC592 and the MM54HC593/ 

MM74HC593 contain an 8-bit register which feeds an 8-bit 
binary counter. The counter is incremented o n the risin g edge 
of the CCK input, provided that clock enable, CCKEN, is low. 

When the coun ter increments to the all ones condition, ripple 
carry out, RCO, will go low. This enables eith er syn chronous 
cascading o f the cou nters by connecting the RCO of the first 
stage to the CCKEN of the second, or clocking both circuits 
in p aralle l. Ripple cascading is accomplished by connecting 
the RCO of the first to the CCK of the second stage. A clear 
input is also provided which will reset the couriter to the all 
zeros state. 

The input register is loaded on the rising edge of the register 
clock, RCK. The outputs of this register feed the counter. The 
coun ter is loa ded with the register’s contents when the clock 
load, CLOAD, input is taken low. 


The ’HC592 differs from the 'HC593 in that the latter device 
has bidirectional input/output pins. The TRI-STATE® outputs 
of the counter can be enabled and are active when enable 
input, G, is taken low and input G is taken high. The outputs 
of the counter then appear on the register inputs. This 
enables connection of this part to a system b us. The ’I-1C593 
also has a second clock enable pin, CCKEN, which is active 
high and it also has an active low register clock enable, 
RCKEN. 

The MM54HC592/MM74HC592 and the MM54HC593/ 
MM74HC593 are functional, speed and pin equivalent to the 
equivalent LS-TTL circuit. Their inputs are protected from 
damage due to electrostatic discharge by diodes from Vcc 
to ground. 

Features 

■ Wide power supply range: 2.0V to 6.0V 

■ High input noise immunity 

■ Wide operating frequency range: 30 MHz 

■ High output current drive: 6.0 mA min 

■ Low quiescent power consumption: 80 fiA (74HC) 




microCMOS 


Connection Diagrams 


Dual-ln-Llne Package 
MM54HC592/MM74HC592 



Dual-ln-Llne Package 
MM54HC593/MM74HC593 
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MM54HC592/74HC592 

MM54HC593/74HC593 







MM54HC592/74HC592 

MM54HC593/74HC593 



Logic Diagrams (Continued) 


MM54/74HC593 



TL/F/5773-4 
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MM54HC592/74HC592 

MM54HC593/74HC593 






MM54HC595/74HC595 



National 

Semiconductor 


MM54HC595/MM74HC595 

8-Bit Shift Registers with Output Latches 


PRELIMINARY 



microCMOS 


General Description 

This high speed shift register utilizes microCMOS Technolo- 
gy, 3.5 micron silicon gate P-well CMOS. This device pos- 
sesses the high noise immunity and low power consumption 
of standard CMOS integrated circuits, as well as the ability 
to drive 15 LS-TTL loads. 

This device contains an 8-bit serial-in, parallel-out shift reg- 
ister that feeds an 8-bit D-type storage register. The storage 
register has 8 TRI-STATE® outputs. Separate clocks are 
provided for both the shift register and the storage register. 
The shift register has a direct-overriding clear, serial input, 
and serial output (standard) pins for cascading. Both the 
shift register and storage register use positive-edge trig- 
gered clocks. If both clocks are connected together, the 
shift register state will always be one clock pulse ahead of 
the storage register. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
interna! diode clamps to Vcc and ground. 


Features 

■ Low quiescent current: 80 jtiA maximum (74HC Series) 
B Low input current: 1 fiA maximum 
B 8-Bit Serial-In, Parallel-Out Shift Register 
With Storage 

a Wide operating voltage range: 2V-6V 
B Cascadable 

a Shift Register Has Direct Clear 
B Guaranteed Shift Frequency: DC to 30 MHz 


Connection Diagram 


Dual-ln-Line Package 



MMS4HC59S/n1?^74HC59S 
54HC595 (J) 74KG595 (J,N) 


Truth Tabie 


RCK 

SCK 

SCLR 

G 

Function 

X 

X 

X 

1 

Qa thru Qh = Tri-State 

X 

X 

L 

X 

Shift Register cleared 
Qh>=o 

X 

t 

. H 

X 

Shift Register clocked 

Qn = Qn-1 , Qq = SER 

T 

X 

H 

X 

Contents of Shift 
Register transferred 
to output latches 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage {V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°C to + 150‘’C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 


Oh- 


Qa thru Qh 

Vql 

Maximum Low Level 
Output Voltage 


Oh- 


Qa thru Qh 

l|N 

Maximum Input 
Current 

Iqz 

MaximumTRI-STATE 
Output Leakage 

Icc 

Maximum Quiescent 
Supply Current 


Ta = 25“C 


74HC 54HC 

Ta = - 40 to 85X Ta = - 55 to 1 25°C 


Guaranteed Limits 




yiN = V|H orViL 
louTp4.0 mA 
HoutI ^5.2 mA 


yiN = V|H orViL 
Hout rnA 

HoutI ^7.8 mA 


yiN=yiHor V|L 
|IoutI^20 ;xA 


yiN = V|H orViL 
Iqut ^4 mA 
hoUTl ^5.2 mA 


yiN=yiH orViL 

MOUT ^6.0 mA 

HoutI ^7.8 mA 


V|N = Vcc or GND 


Enable = V|H 


V|N “ Vcc Of GND 

IOUT = 0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation' temperature derating — plastic "N" package: -12 mwrc from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc ^ 5-5V and 4,5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC595/74HC595 


AC Electrical Characteristics 

Vcc = 5V. Ta = 25°C, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Operating 
Frequency of SCK 


50 

30 

MHz 

tpHL. tPLH 

Maximum Propagation 

Delay, SCK to Qh- 

Cl = 45 pF 

12 

20 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay, RCK to Qa thru Qh 

Cl =45 pF 

18 

30 

ns 

tpZH. tpZL 

Maximum Output Enable 
Time From G to Qa thru Qh 

Rl=i kn 

Cl = 45 pF 

17 

28 

ns 

tpHZ. tPLZ 

Maximum Output Disable 
Time From G to Qa thru Qh 

Rl= kn 
Cl=5pF 

15 

25 

ns 

ts 

Minimum Set Up Time 

From SER to SCK 



20 

ns 

's 

Minimum Set Up Time 

From SCLR to SCK 



20 

ns 

ts 

Minimum Set Up Time 

From SCK to RCK 
(See Note 5) 



40 

ns 

tH 

Minimum Hold Time 

From SER to SCK 



0 

ns 

tw 

Minimum Pulse Width 
of SCK or RCK 



16 

ns 


Note 5: This setup time ensures the register wiii see stabie data from the shift-register outputs. The ciocks may be connected together in which case the storage 
register state wili be one ciock puise behind the shift register. 
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AC Electrical Characteristics vcc-=2.o-6.ov. cl= 5 o pf. t 




Symbol 


^MAX Maximum Operating 

Frequency 


tpHL. ^PLH Maximum Propagation 
Delay From SCK to Qh' 


tpHL. *PLH Maximum Propagation 

Delay From RCK to Qa thru Qh 


tpzH. tpzL Maximum Output Enable 
From G to Qa thru Qh 


Cl-50pF 


Cl = 50 pF 
Cl=150 pF 


Cl =50 pF 
Cl=150 pF 


Cl =50 pF 
Cl=150 pF 


Cl = 50 pF 
Cl = 150 pF 


Cl=50 pF 
Cl=150 pF 


Cl=50pF 
Cl =150 pF 


Rl=i kn 
Cl = 50 pF 
Cl = 150 pF 


Cl = 50 pF 
Cl= 150 pF 


Cl= 50 pF 
Cl=150pF 


Rl=i kn 
Cl= 50 pF 










tpHz. tpLZ Maximum C^tput Disable 
Time From G to Qa thru Qh 


Minimum Set Up Time 
From SER to SCK 


Mini mum Se t Up Time \ 
From SCLR to SCK 


Minimum Set Up Time 
From SCK to RCK 


Minimum Hold Time 
SER to SCK 


Minimum Pulse Width 
of SCK or RCLK 


Maximum Input Rise and 
Fall Time 


1thl> Itlh Maximum Output 
Rise and Fall Time 


Power Dissipation 
Capacitance, Outputs 
Enabled (Note 6) 


Maximum Input 
Capacitance 


Maximum Output 
Capacitance 


Note C: CpD datermines tho no load dynamic power consumption, Pd“Cp£j Vcc^ t+lcc VcC' ^nd the no load dynamic current consumption, 
ls=CpD Vcc f+Icc- 

Note 7: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


PRELIMINARY 



MM54HC597/MM74HC597 

8-Bit Shift Registers with Input Latches 



General Description 

This high speed shift register utilize microCMOS Technolo- 
gy, 3.5 micron silicon gate P-well CMOS. It has the high 
noise immunity and low power consumption of standard 
CMOS integrated circuits, as well as the ability to drive 10 
LS-TTL loads. 

The ’HC597 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Both the storage register and shift register have 
positive-edge triggered clocks. The shift register also has 
direct load (from storage! and clear inputs. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

■ 8-Bit Parallel Storage Register Inputs 

■ Wide operating voltage range: 2V-6V 

■ Shift Register has Direct Overriding Load and Clear 

■ Guaranteed Shift Frequency . . . DC to 30 MHz 

■ Low quiescent current: 80 jaA maximum 


Connection Diagram 

Dual-ln-Llne Package 



TOP VIEW TL/F/5343-1 

MM54HC597/MM74HC597 

54HC597 (J) 74HC597 (J,N) 


Truth Table 


RCK 

SCK 

SLOAD 

SCLR 

Function 

t 

X 

X 

X 

Data loaded to input latches 

t 

X 

L 

H 

Data loaded from inputs to 
shift register 

No 

clock 

edge 

X 

L 

H 

Data transferred from 
input latches to shift 
register 

X 

X 

L 

L 

Invalid logic, state of 
shift register indeterminate 
when signals removed 

X 

X 

H 

L 

Shift register cleared 

X 

T 

H 

H 

Shift register clocked 

Qn = Qn'l , Qq = SER 
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MM54HC597/74HC597 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqui) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5 to VCC+1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
± 50 mA 
-65°C to +150°C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


260“C 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc=2.0V 
Vcc=4.5V 
Vcc = 6.0V 


Max 

6 

Vcc 


+ 85 
+ 125 

1000 

500 

400 


DC Electrical Characteristics (Note 4) 


Units 

V 

V 


“C 

'C 

ns 

ns 

ns 






Ta= 

25“C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= -40 to 85°C 

Ta=- 55 to125°C 

Units 









Typ 


Guaranteed Limits 


V|H 

Minimum High Level 


2.0V 

■ 

1.5 


1.5 

V 


Input Voltage 


4.5V 


3.15 


3.15 

■■ 




6.0V 


4.2 


4.2 


V|L 

Maximum Low Level 



m 

0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

mm 






1.2 

1.2 

1.2 


VOH 

Minimum High Level 

V|N = V|H or V|L 

M 





M 


Output Voltage 

|IoutI^20 ^LA 

Bi 

2.0 

1.9 

i;9 

1.9 





m 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
hoUTl^4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^5.2 mA 


5.7 

5.48 


5.2 

V 

VOL 

Maximum Low Level 

V|N = V|H or V|L 

M 







Output Voltage 

|IoutI^20 (aA 

Bi 

0 

0.1 

0.1 

0.1 

V 




lii 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|HorV|L 
|IoutI^ 4.0 mA 

1 

0.2 



0.4 

V 



|IoutI^ 5.2 mA 

09 

0.2 



0.4 

V 

l|N 

Maximum Input 
Current 

V|N ~ Vcc O'" GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

Icc 

Maximum Quiescent 

V|N”VccorGND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

IOUT"=0 mA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh- and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc == 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V. Ta = 25°C, Cl= 15 pF, tr = tf=6 ns 


Symbol 

Parameter 

^MAX 

Maximum Operating 
Frequency for SCK 

tpHL. tPLH 

Maximum Propagation 

Delay From SCK to Qh' 

tpHL. tPLH 

Maximum Propagation 

Delay From SLOAD to Qh' 

tpHL. tPLH 

Maximum Propagation 

Delay From RCK to Qh’ 

tpHL 

Maximum Propagation 

Delay From SCLR to Qh' 

tREM 

Minimum Removal Time, 
SCLR to SCK 

ts 

Minimum Set Up Time 

From RCK to SCK 

ts 

Minimum Set Up Time 

From SER to SCK 

ts 

Minimum Set Up Time 

From Inputs A thru H 
to RCK 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 


SCK, RCK, SCLR SLOAD 



Typ 

Guaranteed 

Limit 

Units 

50 

30 

MHz 

20 

30 

ns 

20 

30 

ns 

25 

45 

ns 

20 

30 

ns 

10 

20 

ns 

30 

40 

ns 

10 

20 

ns 

10 

20 

ns 

-2 

0 

ns 

10 

16 

ns 


AC Electrical Characteristics 

Vcc = 2.0-6.0V, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

fMAX ! 

Maximum Operating 
Frequency for SCK 

tpHL. tpLH 

Maximum Propagation 
Delay From SCK to Oh' 

tpHL. tpLH 

Maximum Propagation 
Delay From SLOAD to Qh' 

tpHL. tpLH 

Maximum Propagation 
Delay From RCK to Qh' 

tpHL 

Maximum Propagation 
Delay From SCLR to Qh’ 

tREM 

Minimum Removal Time 
SCLR to SCK 

ts 

Minimum Set Up Time 

From RCK to SCK 

ts 

Minimum Set Up Time 

From SER to SCK 


Ta=25X 




74HC 

54HC 

Ta=- 40 to 85X 

Ta=- 55 to125'C 

Guaranteed Limits 

4 

4 

21 

18 

25 

21 

220 

263 

44 

53 

38 

45 

220 

263 

44 

53 

38 

45 

312 

375 

65 

75 

53 

65 

220 

263 

44 

53 

38 

45 

125 

150 

25 

30 

21 

25 

250 

300 

50 

60 

42 

50 

125 

150 

25 

30 

21 

25 
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MM54HC597/74HC597 


AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta“ 

26X 

74HC 

TA=-40to85°C 

54HC 

TA.= -55to125X 

Units 

Typ 

Guaranteed Limits 

ts 

Minimum Set Up Time 



■ 

100 

125 

150 

ns 


From Inputs A thru H 




20 

25 

30 

ns 


to RCK 




17 

21 

25 

ns 

tH 

Minimum Hold Time 



m 

0 

0 

0 

ns 






■■ 

0 

0 

ns 





1 

■I 

0 

0 

ns 

tw 

Minimum Pulse Width 



30 

80 

100 

120 

ns 


SCK, RCK, SSLR, SLOAD 



9 

16 

20 

24 

ns 





8 

14 

18 

20 

ns 

tr.tf 

Maximum Input Rise and 



■ 

1000 

1000 

1000 

ns 


Fali Time 




500 

500 

500 

ns 




BUM 

H 

400 

400 

400 

ns 

tTHL. tTLH 

Maximum Output 



30 

75 

95 

110 

ns 


Rise and Fall Time 



10 

15 

19 

22 

ns 





8 

13 

16 

19 

ns 

CpD 

Power Dissipation 




■ 



pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 








Gout 

Maximum Output 



15 

20 

20 

20 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Pd“Cpd Vcc* f+tec Vcc. ttfid the no load dynamic current consumption, 
ls“Cpo Vcc f+lcC’ 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC640/74HC640 

MM54HC643/74HC643 



National 

Semiconductor 



microCMOS 


MM54HC640/MM74HC640 

Inverting Octal TRI-STATE® Transceiver 

MM54HC643/MM74HC643 

True-Inverting Octal TRI-STATE Transceiver 


General Description 

These TRI-STATE bi-directional buffers utilize micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption and high noise immunity usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. 

Each device has an active enable G and a direction control 
input, DIR. When DIR is high, data flows from the A inputs to 
the B outputs. When DIR is low, data flows from the B inputs 
to the A outputs. The MM54HC640/MM74HC640 transfers 
inverted data from one bus to other and the MM54HC643/ 
MM74HC643 transfers inverted data from the A bus to the B 
bus and true data from the B bus to the A bus. 


Connection Diagrams 


These devices can drive up to 15 LS-TTL Loads, and all 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 

Features 

B Typical propagation delay; 14 ns 
B Wide power supply range: 2-6\/ 

■ Low quiescent current: 80 fiA maximum (74 HC) 

B TRI-STATE outputs for connection to bus oriented 
systems 

B High Output Drive: 6 mA (min) 


, Dual-ln-Line Package 

ENABLE 

Vcc G Nt B3 B3 64 BS B6 B7 BB 



TOP VIEW TL/F/5344-1 

MM54HC640/MM74HC640 


Dual-ln-Line Package 

ENABLE 

Vcc G 83 B3 B4 B5 B6 B7 B« 



TOP VIEW TL/F/5344-2 

MM54HC643/MM74HC643 


54HC640 (J) 74HC640 (J,N) 


54HC643 (J) 74HC643 (J,N) 


Truth Tabie 


Control 

Inputs 

Operation 

G 

DIR 

640 

643 

L 

L 

B data to A bus 

B data to A bus 

L 

H 

A data to B bus 

A data to B bus 

H 

X 

Isolation 

Isolation 


H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes i & 2) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to -h7.0V 


Min 

Max 

Units 

DC Input Voltage DIR and G pins (V|n) 

— 1.5 to Vcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (V|n, Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 




Clamp Diode Current (Icd) 

±20 mA 

(Vin.Vqut) 

0 

Vcc 

V 

DC Output Current, per pin (Iqut) 

±35 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

"C 

DC Vcc or GND Current, per pin (Ice) 

±70 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto ±150°C 

Input Rise/Fall Times 




Power Dissipation (Pp) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics (Note 4) 






Symboi 

Parameter 

VlH 

Minimum High Level Input 
Voltage 

V|L 

Maximum Low Level Input 
Voltage 

Vqh 

Minimum High Level Output 
Voltage 

VoL 

Maximum Low Level Output 
Voltage 

l|N 

Input Leakage 

Current (G and DIR) 

loz 

Maximum TRI-STATE 
Output Leakage Current 

icc 

Maximum Quiescent Supply 
Current ' 


VouT“ ^CC 0'’GND 6.0V 
EnableG = ViH 


IOUT = 0 mA 


Note 1: Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package; -12 mW/°C from 
100°C to 125“C. 

Note 4; For a power suppiy of 5V ±10% the worst case output voltages (Vqh, and VoJ occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc= 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The v/orst case leakage current (Iin, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC640/74HC640 

MM54HC643/74HC643 


AC Electrical Characteristics 


Vcc = 5V, Ta = 25°C, tr = tf = 6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation Delay 

Cl = 45 pF 

13 

17 

ns 

tpHZ. tpLZ 

Maximum Output Enable Time 

Rl=i kn 
Cl= 45 pF 

33 

42 

ns 

tpZH. tpZL 

Maximum Output Disable Time 

Rl=i kn 

Cl = 5 pF 

32 

42 

ns 


AC Electrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta=-55 10 125^ 

Units 

PS 

Guaranteed Limits 

tPHL. 

Maximum Propagation Delay 

Cl = 50 pF 

2.0V 

29 

72 

88 

96 

m 

tPLH 


Cl = 150 pF 

2.0V 

38 

96 

116 

128 

IB 



Cl = 50 pF 


il 

18 

22 

24 

ns 



Cl = 150 pF 

mi 

19 

24 

29 

32 

ns 



Cl = 50pF 

6.0V 

n 

•18 

22 

24 

ns 



Cl = 150 pF 

6.0V 

19 

24 

29 

32 

ns 

tPZH. 

Maximum Output Enable 

Rl=i kn 


■ 





tPZL 


Cl = 50 pF 

2.0V 

m 

184 



ns 



Cl=150pF 

2.0V 

n 

216 



ns 



Cl = 50 pF 

4.5V 

35 

46 

56 

60 

ns 



Cl= 150 pF 

4.5V 

41 

54 

65 

71 

ns 



Cl = 50 pF 

6.0V 

31 

41 

50 

54 

ns 



Cl= 150 pF 

6.0V 

36 

47 

57 

62 

ns 

tPHZ. 

Maximum Output Disable 

Rl=i kn 

2.0V 

47 

172 

208 

224 

ns 

tPLZ 

Time 

Cl =50 pF 

4.5V 

33 

43 

52 

56 

ns 




6.0V 

31 

41 

50 

54 

ns 

ItHL. tTLH 

Output Rise and Fall Time 


M 

20 

60 

75 

90 

ns 





6 

12 

15 

18 

ns 




m 

5 

10 

13 

15 

ns 

CpD 

Power Dissipation 

643 B-AG = Vil 


100 




pF 


Capacitance (Note 5) 

640(643 A-B)G = V|l 


120 




pF 



643G = V|h 


12 




pF 



640(643 A-B)G=V|h 


6 




pF 

C|N 

Maximum Input Capacitance 



B 

10 

10 

10 

pF 

C|N/OUT 

Maximum Input/Output 



15 

20 

20 

20 

pF 


Capacitance, A or B 









Note 5: CpD determines the no load dynamic power consumption. Pd=Cpd Vqc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MIVI54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC646/74HC646, 

MM54HC648/74HC648 


Nah'onal 

Semiconductor 


MM54HC646/MM74HC646 

Non-Inverting Octal Bus Transceiver/Registers 

MM54HC648/MM74HC648 

Inverting Octal Bus Transceiver/Registers 

General Description 

These transceivers utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, and contain two sets of TRI- 
STATE® outputs, two sets of D-type flip-flops, and control 
circuitry designed for high speed multiplexed transmission 
of data. 

Six control inputs enable this device to be used as a latched 
transceiver, unlatched transceiver, or a combination of both. 

As a latched transceiver, data from one bus is stored for 
later retrieval by the other bus. Alternately real time bus 
data (unlatched) may be directly transferred from one bus to 
another. 

Circuit operation is determined by the G, DIR, CAB, CBA, 

SAB, SBA control inputs. The enable input, G, controls 
whether any bus outputs are enabled. The direction control, 

DIR, determines which bus is enabled, and hence the direc- 
tion data flows: The SAB, SBA inputs control whether the 
latched data (stored in D type flip flops), or the bus data 
(from other bus input pins) is transferred. Each set of flip- 


Connection Diagrams 

Dual-ln-Llne Package 


flops has its own clock CAB, and CBA, for storing data. Data 
is latched on the rising edge of the clock. 

Each output can drive up to 15 low power Schottky TTL 
loads. These devices are functionally and pin compatible to 
their LS-TTL counterparts. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 

Features 

■ Typical propagation delay: 14 ns 

■ TRI-STATE outputs 

■ Bi-directional communication 

■ Wide power supply range: 2-6V 

■ Low quiescent supply current: 160 ju, A 
maximum (74HC) 

■ High output current: 6 mA (74HC) 



microCMOS 



SELECT 

CLCKK ENABLE 

VCC BA GRA B1 B2 B3 B4 B5 B6 B7 B8 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) -0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ±20 mA 

DC Output Current, per pin (lour) ± 35 mA 

DC Vcc or GND Current, pet; pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°Cto +150°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T J (Soldering 1 0 seconds) 260°C 

DC Electrical Characteristics (Note 4) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

VlL 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input Current 

loz 

Maximum TRI-STATE 
Output Leakage 

Icc 

Maximum Quiescent 
Supply Current 


74HC 54HC 

TA=-40to85°C TA=-55t0l2yC 
Guaranteed Limits 



4.5V 

0.2 

0.26 

6.0V 

0.2 

0.26 

6.0V 


±0.1 

6.0V 


±0.5 

6.0V 


8.0 


V|N = Vcc or GND 


VpUT— Vcc or GND 
G = Vih 


ViN — Vcc or GND 
Iqut = 0 /xA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C: ceramic "J" package: -12 mW/'C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. ahd Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V^ and Vn_ occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

Truth Table 


Inputs 

Data 1/0 

Operation or Function 

mm 

CAB CBA 

SAB SBA 

A1 Thru A8 

B1 Thru B8 

646 

648 


X 

X 

H or L H or L 

T T 

X X 

X X 

Input 

Input 

Isolation 

Store A and B Data 

Isolation 

Store A and B Data 

B 

H 

X X 

X X 

X L 

X H 

Output 

Input 

Real Time B Data to A Bus 
Stored B Data to A Bus 

Real Time B Data to A Bus 
Stored B Data to A Bus 

B 

H 

H 

X X 

H or L X 

L X 

H X 

Input 

Input 

Real Time A Data to B Bus 
Stored A Data to B Bus 

Real Time A Data to B Bus 
Stored A Data to B Bus 


H = High Level L = Low Level X = Irrelevant t = low-to-high level transition 

The data output functions i.e., data at the bus pins may be enabled or disabled by various signals at the S and DIR Inputs. Data input functions are always 
enabled. 

The data output functions I.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 
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MM54HC646/74HC646, 

MM54HC648/74HC648 


AC Electrical Characteristics mm54hc646/mm74hc646 

Vcc=5V, Ta=25°C, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fWAX 

Maximum Operating 

Frequency 


45 

30 

MHz 

tPHL. tpLH 

Maximum Propagation 

Delay, A or B Input 
to Bor A Output 

Cl = 45 pF 

14 

25 

ns 

tpHL. fpLH 

Maximum Propagation 

Delay, CBA or CAB 

Input to A or B Output 

Cl = 45 pF 

31 

40 

ns 

tpHL. fpLH 

Maximum Propagation 

Delay, SBA or SAB Input to A 
or B Output, with A or B high 

Cl = 45 pF 

35 

50 

ns 

fpHL. tPLH 

Maximum Propagation 

Delay, SBA or SAB Input to A 
or B Output, with A or B low 

Cl =45 pF 

35 

50 . 

ns 

tpZH. tpZL 

Maximum Enable 

Time S or DIR Input to 

A or B Output 

Rl=i kn 

Cl = 45 pF 

18 

33 

ns 

tPHZ. tPLZ 

Maximum Disable 

Time, G or DIR Input to 

A or B Output 

Rl=i kn 

Cl = 5pF 

17 

30 

ns 


AC Electrical Characteristics mm54hc646/mm74hc646 

Vcc=2.0-6.0V, Cl=50 pF, tr=tf=6 ns (unless othenwise specified) 


Symbol. 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 1 

Guaranteed Limits 

^MAX 

Maximum Operating 

Cl = 50 pF 


m 

5 

4 

3 

MHz 


Frequency 




27 

21 

18 

MHz 





I^Efl 

31 

24 

20 

MHz 

fpHL. fpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

60 

180 

189 

225 

ns 


Delay, A or B Input 

Cl= 150 pF 

2.0V 

80 

200 

250 

300 

ns 


to Bor A Output 

Cl = 50 pF 


21 

30 

37 

45 

ns 



Cl= 150 pF 

ESI 

30 

40 

50 

60 

ns 


• 

Cl = 50 pF 

6.0V 

18 

26 

31 

39 

ns 



Cl= 150 pF 

6.0V 

22 

35 

44 

53 

ns 

tPHL.fpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

110 

220 

275 

330 

ns 


Delay, CBA or CAB 

Cl= 150 pF 

2.0V 

150 

270 

338 

405 

ns 


Input to A or B Output 

Cl=50pF 


31 

44 

55 

66 

ns 


• 

Cl= 150 pF 


40 

54 

68 

81 

ns 



Cl = 50 pF 

6.0V 

28 

38 

47 

57 

ns 



Cl= 150 pF 

6.0V 

34 

47 

59 

71 

ns 

tPHL. tpLH 

Maximum Propagation 

Cl = 50 pF 

2.0V 

180 

Ryi 

363 

435 

ns 


Delay, SBA or SAB 

Cl = 150,pF 

2.0V 

210 


425 

510 

ns 


Input to A or B Output, 


4.'5V 

39 

58 

72 

87 

ns 


with A or B high 


4.5V 

47 

68 

85 

102 

ns 



Cl = 50pF 

6.0V 

34 

50 

63 

75 

ns 



Cl=150pF 

6.0V 

39 

58 

72 

87 

ns 


1-340 















































































































AC Electrical Characteristics mm 54 hc 646 /mm 74 hc 646 (continued) 

Vcc~2.0-6.0V, Cl = 50 pF, tr = tf = 6 ns (unless otherwise specified) 


Ta=25°C 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay, SBA or SAB 

Input to A or B Output, 
with A or B low 

<PZH. tpZH 

Maximum Output Enable 

Time, G Input or DIR to A or B 
Output 

tpHZ. tPLZ 

Maximum Output Disable 

Time, G Input to A or B 

Output 

tlHL. ItLH 

Maximum Output Rise 
and Fall Time 

ts 

Minimum Set Up Time 

tH 

Minimum Hold Time 

tw 

Minimum Pulse Width 
of Clock 

tr. tf 

Maximum Input Rise and 

Fall Time 

CpD 

Power Dissipation 

Capacitance (Note 5) 

C|N 

Maximum Input 

Capacitance 

■ Gout 

Maximum Input 

Capacitance 



Cl= 50 pF 
Cl= 150 pF 


Cl = 50pF 
Cl= 150 pF 


Cl= 50 pF 
Cl=150pF 


Rl= 1 kn 


Cl=50pF 
Cl = 150 pF 


Cl= 50 pF 
Cl = 150pF 


Cl = 50pF 
Cl= 150 pF 


Rl= 1 kft 
Cl=50pF 


2.0V 180 

2.0V 210 


6.0V 34 

6.0V 39 


2.0V 85 

4.5V 23 


Cl = 50pF 2.0V 

4.5V 
6.0V 



74HC 

54HC 

Ta=- 40 to 85°C 

Ta=- 55 to125“C 

Guaranteed Limits | 

363 

435 

425 

510 

72 

87 

85 

102 

63 

75 

72 

87 

219 

263 

281 

338 

44 

53 

56 

68 

37 

45 

48 

57 

219 

263 

44 

53 

37 

45 

75 

90 

15 

18 

13 

15 

125 

150 

25 

30 

21 

25 

0 

0 

0 

0 

0 

0 

100 

120 

20 

24 

18 

21 

1000 

1000 

500 

500 

400 

400 





■>1 
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MM54HC646/74HC646, 

MM54HC648/74HC648 


AC Electrical Characteristics mm54hc648/mm74hc648 

Vcc = 5V, Ta = 25°C. tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

Wx 

Maximum Operating 

Frequency 


44 

30 

MHz 

tPHL. fpLH 

Maximum Propagation 

Delay, A or B Input 
to B or A Output 

Cl = 50 pF 

14 

25 

ns 

fPHL. tpLH 

Maximum Propagation 

Delay, CBA or CAB 

Input to A or B Output 

Cl = 50 pF 

31 

40 

ns 

fPHL. tpLH 

Maximum Propagation 

Delay, SBA or SAB Input to A 
or B Output, with A or B high 

Cl = 50 pF 

35 

50 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay, SBA or SAB Input to A 
or B Output, with A or B low 

Cl = 50 pF 

35 

50 

ns 

tpZH. tpZL 

Maximum Enable 

Time G Input to 

A or B Output 

Rl= 1 kft 

Cl = 45pF 

18 

33 

ns 

tPHZ. tpLZ 

Maximum Disable 

Time, G Input to 

A or B Output 

Rl = 1 kn 

Cl = 5pF 

17 

30 

ns 


AC Electrical Characteristics mm54hc648/mm74hc648 

Vcc=2.0-6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25X 

74HC 

Ta= -40 to BS^C 

54HC 

Ta=- 55 to125X 

Units 

Typ 

Guaranteed Limits 

fMAX, 

Maximum Operating 

Cl =50 pF 

2.0V 


5 

4 

3 

MHz 


Frequency 


4.5V 


27 

21 

18 

MHz 




6.0V 

noil 

31 

24 

20 

MHz 

tpHL. tpLH 

Maximum Propagation 

Cl= 50 pF 

2.0V 

60 

180 

189 

225 

ns 


Delay, A or B Input 

Cl = 150 pF 

2.0V 

80 

200 

250 

300 

ns 


to B or A Output 

Cl = 50 pF 

4.5V 

21 

30 

37 

45 

ns 



Cl = 150 pF 

4.5V 

30 

40 

50 

60 

ns 



Cl =50 pF 

QQI 

18 

26 

31 

39 

ns 



Cl = 150 pF 

HO 

22 

35 

44 

53 

ns 

fpHL. tPLH 

Maximum Propagation 

Cl = 50pF 

2.0V 

110 

220 

275 

330 

ns 


Delay, CBA or CAB 

Cl = 150 pF 

2.0V 

150 

270 

338 

405 

ns 


Input to A or B Output 

Cl= 50 pF 

1^^ 

31 

44 

55 

66 

ns 



Cl = 150 pF 


40 

54 

68 

81 

ns 



Cl = 50 pF 

6.0V 

28 

38 

47 

57 

ns 



Cl = 150 pF 

6.0V 

34 

47 

59 

71 

ns 

fPHL. tPLH 

Maximum Propagation 

Cl= 50 pF 

2.0V 

180 

290 

363 

435 

ns 


Delay, SBA or SAB 

Cl = 150 pF 

2.0V 

210 

340 

425 

510 

ns 


Input to A or B Output, 

Cl = 50 pF 

mm 

39 

58 

72 

87 

ns 


with A or B high 

Cl = 150 pF 


47 

68 

85 

102 

ns 



Cl= 50 pF 

6.0V 

34 

50 

63 

75 

ns 



Cl = 150 pF 

6.0V 

39 

58 

72 

87 

ns 
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AC Electrical Characteristics mm 54 hc 648 /mm 74 mc 648 (continued) 

\/cc = 2.0-6.0V, Cl = 50 pF, tr = tf = 6 ns (unless otherwise specified) 


Symbol 

! 

1 

Parameter 

Conditions 

I 

Vcc 

I 

Ta- 

25X 

74HC 

Ta= -40 to 85"C 

54HC 

TA=-55to125'C 

Units 

Typ 

Guaranteed Limits 

tpHL. fPLH 

Maximum Propagation 

Cl = 50 pF 


180 


363 

435 

ns 


Delay, SBA or SAB 

Cl = 150pF 


210 

B9 

425 

. 510 

ns 


Input to A or B Output, 

Cl = 50 pF 

wm 

39 

58 

72 

87 

ns 


with A or B low 

Cl = 150pF 

Is 

47 

68 

85 

102 

ns 



Cl = 50pF 


34 

50 

63 

75 

ns 



Cl=150pF 


39 

58 

72 

87 

ns 

tpZL. tpZL 

Maximum Output Enable 

RL=1kn 

■ 







Time, G Input or DIR to A or B 

Cl= 50 pF 


80 

175 

219 

263 

ns 


Output 

Cl = 150pF 

IQQI 

120 

225 

281 

338 

ns 



Cl = 50pF 



35 

44 

53 

ns 



Cl= 150 pF 

lii 


45 

56 

68 

ns 



Cl =50 pF 


21 

30 

37 

45 

ns 



Cl= 150 pF 

BO 

27 

38 

48 

57 

ns 

'PHZ. tpLZ 

Maximum Output Disable 

Rl= 1 kn 

2.0V 

85 

175 

219 

263 

ns 


Time, G Input to A or B 

Cl =50 pF 

4.5V 

23 

35 

44 

53 

ns 


Output 


6.0V 

21 

30 

37 

45 

ns 

^THL. tTLH 

Maximum Output Rise 


2.0V 

■ 

60 

75 

90 

ns 


and Fall Time 

Cl=50pF 

4.5V 


12 

15 

18 

ns 




6.0V 

1 

10 

13 

15 

ns 

ts 

Minimum Set Up Time 


2.0V 

■ 

100 

125 

150 

ns 




4.5V 


20 

25 

30 

ns 




6.0V 

1 

17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 

■ 


0 

0 

ns 




4.5V 



0 

0 

ns 




6.0V 



0 

0 

ns 

tw 

Minimum Pulse Width 


2.0V 

B 


100 

120 

ns 


of Clock 


4.5V 



20 

24 

ns 




6.0V 

■ 

19 

18 

21 

ns 

tr.tf 

Maximum Input Rise and 


2.0V 

■ 

1000 

1000 

1000 

ns 


Fall Time 


4.5V 

■ 

500 


500 

ns 




6.0V 


400 


400 

ns 

CpD 

Power Dissipation 







pF 


Capacitance (Note 5) 








C|N 

Maximum Input Capacitance 



5 

10 

10 

10 

pF 

Gout 

Maximum Output 

' 


15 

20 

20 

20 

pF 


Capacitance 









Note 5; Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc® f + lcc Vcc. and the no load dynamic current consumption, 
ls = Cpo Vcc t+icc- 


Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC646/74HC646, 

MM54HC648/74HC648 
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MM54HC646/74HC646, 

MM54HC648/74HC648 




National 

Semiconductor 


microCMOS 


MM54HC688/MM74HC688 

8-Bit Magnitude Comparator (Equality Detector) 


General Description 

This equality detector utilizes microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to compare bit for bit two 
8-bit w ords and indicates whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator’s output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 


Connection and Logic Diagrams 

Dual-In-Line Package 

vcc 07 P7 06 PS 05 P5 04 P 


compatible to the 54LS688/74LS688. All inputs are protect- 
ed from damage due to static discharge by diodes to Vcc 
and ground. 

Features 

■ Typical propagation delay; 20 ns 
B Wide power supply range: 2-6V 

B Low quiescent current; 80 jaA (74 series) 

■ Large output current: 4 mA (74 series) 

■ Same as ’HC521 
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MM54HC688/74HC688 








MM54HC688/74HC688 


Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|fg) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k> Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc O'" GND Current, per pin (Ice) ± 50 nnA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

2 

6 

V. 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (T^) 

Vcc 

V 

MM74HC 

-40 

-t-85 

°c 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

'C 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0 V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

1 ■ 

I Ta= 

25'’C 

74HC 

Ta=- 40 to BS'C 

54HC 

TA=-55to125°C 

Units 

* Typ 

Guaranteed Limits 

V|H 

Minimum High Level 




1.5 



PH 


Input Voltage 




3.15 



9il 






4.2 




V|L 

Maximum Low Level 







n 


Input Voltage 





0.9 

0.9 

V 






1.2 

1.2 

1.2 

^9 

VoH 

Minimum High Level 

V|N = V|HOrV|L 

Pi 





WM 


Output Voltage 

|IoutI^ 20 fiA 


2.0 

1.9 

1.9 

1.9 

WM 





4.5 

4.4 

4.4 

4.4 

9B 





6.0 

5.9 

5.9 

5.9 

■■ 



V|N = V|HOrV|L 

Pi 








|IoutI^ 4.0 mA 

lEl 

4.2 

3.98 


3.7 

V 



l•0UTl^5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level 

V|N = V|H or V|L 


■ 






Output Voltage 

|IoutI^20 iiA 

2.0V 


0.1 

0.1 

0.1 

V 




4.5V 

D 

0.1 

0.1 

0.1 

V 




6.0V 

19 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 

HI 


Pi 






|IoutI^ 4.0 mA 


0.2 

P^jP 


0.4 

V 



110071^5.2 mA 


0.2 


9BE9H 

0.4 

V 

•in 

Maximum Input 

V|N — VecorGND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 


Current 








•cc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


8.0 

80 

160 

fiA 


Supply Current 

•out=0mA 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125‘’C. . 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V||, occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc~5V, Ta = 25°C, Cl = 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fpHL. tpLH 

Maximum Propagation 

Delay, Any P or Q to Output 


21 

30 

ns 

tpLH. tpHL 

Maximum Propagation 

Delay, Enable to any Output 


14 

20 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr = tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25X 

74HC 

Ta= -40 to 85°C 

54HC 

TA=-55to125'C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 


2.0V 

60 

175 

220 

263 

ns 


Delay 


4.5V 

22 

35 

44 

53 

ns 




6.0V 

19 

30 

38 

45 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 

45 

120 

150 

180 

ns 


Delay 


4.5V 

15 

24 

30 

36 

ns 




6.0V 

13 

20 

25 

' 30 

ns 

tTHL. tTLH 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD , 

Power Dissipation 


m 

45 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 


n 







Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc t+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HC4002 


National 

Semiconductor 


microCMOS 


MM54HC4002/MM74HC4002 Dual 4-Input NOR Gate 


General Description 

These NOR gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC/74HC logic family is func- 
tionally as well as pin-out compatible with the standard 
54LS/74LS logic family. The 54HC4002/74HC4002 is func- 
tionally equivalent and pin-out compatible with the 
CD4002B. All inputs are protected from damage due to stat- 
ic discharge by internal diode clamps to Vcc and ground. 


Features 

■ Typical propagation delay; 8 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 20 ju.A maximum (74HC series) 

■ Low input current: 1 p.A maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagrams 


Dual-In-Line Package 


Vcc Y2 A2 B2 C2 D2 


i^S 


A1 B1 Cl 01 


MM54HC4002/MM74HC4002 


54HC4002 (J) 74HC4002 (J,N) 


Y = A-I-B + C + D 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HC 

-40 

+ 85 ■ 

“C 

MM54HC 

Input Rise or Fall Times 

-55 

+ 125 

'C 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 


2.0V 


■a 



n 


Input Voltage 


4.5V 


19 



■■ 




6.0V 


Hi 



V 

VlL 

Maximum Low Level 


2.0V 



0.3 

0.3 

V 


Input Voltage 


4.5 V 



0.9 

0.9 

V 




6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level 

V|N = ViHorV|L 








Output Voltage 

|IoutI^20 ^^A 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOr V|L 

■I 





99 



|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

99 



1IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

99 

Vql 

Maximum Low Level 

V|N = V|Hor ViL 








Output Voltage 

|IoutI^20 hA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

■■ 




6.0V 

0 

0.1 

0.1 

0.1 

99 



V|N = V|H orV|L 

■1 


M 



V 



|IoutI^ 4 mA 


0.2 



0.4 

V 



|IoutI^ 5.2 mA 


0.2 



0.4 

V 

l|N 

Maximum Input 

V|N~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

)xA 


Current 








icc 

Maximum Quiescent 

V|N ~ Vcc or GND 

6.0 


2.0 

20 

40 

JJ.A 


Supply Current 

louT = 0 F.A 








Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from SS'C to 85°C; ceramic "J"' package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3,85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC4002 


t 


AC Electrical Characteristics 

Vcc=5V, Ta=25°C, Cl= 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


11 

20 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25°C 

74HC 

Ta=- 40 to 85“C 

54HC 

TA=-55tOl25°C 

Units 

Typ 

Guaranteed Limits 

tPHL. *PLH 

Maximum Propagation 


2.0V 

40 

120 

151 

179 



Delay 


4.5V 

12 

24 

30 

36 

■■ 




6.0V 

10 

20 

26 

30 

ns 

tTLH. tTHL 

Maximum Output 


QS9 

30 

75 

95 

110 

ns 


Rise and Fall 



10 

15 

19 

22 

ns 


Time 



9 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

mm 

25 




pF 


Capacitance (Note 5) 








Qn 

Maximum Input 



5 

10 

10 

' 10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc® t+lcc Vcc. and the no loa^l dynamic current consumption, 
ls = CpD Vcc t + icc- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC4016/MM74HC4016 
Quad Analog Switch 

General Description 

These devices are digitally controlled analog switches im- 
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low ‘on’ resistance 
and low ‘off’ leakages. They are bidirectional switches, thus 
any analog input may be used as an output and vice-versa. 
The ‘4016 devices allow control of up to 12V (peak) analog 
signals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low. All analog inputs and outputs and digital inputs 
are protected from electrostatic damage by diodes to Vcc 
and ground. 


Connection Diagram 

Dual-ln-Line Package 


Vcc 1CTL 4CTL 41/0 40/1 30/1 31/0 


PRELIMINARY 


microCMOS 


Features 

■ Typical switch enable time: 15 ns 

■ Wide analog input voltage range: 0-12V 

■ Low ‘on’ resistance: 50(1 typical 

■ Low quiescent current: 80 ^lA maximum (74HC) 

■ Matched switch characteristics 

■ Individual switch controls 


Truth Table 




Input 

Switch 

CTL 

l/O-O/l 

L 

“OFF” 

H 

"ON” 


11/0 10/1 20/1 21/0 2CTL 3CTL GND 

TL/ 

TOP VIEW 

MM54HC4016/MM74HC4016 
54HC401 6 ( J) 74HC401 6 ( J,N) 


Schematic Diagram 
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MM54/74HC4016 


Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +15V 

Min 

Max 

Units 

DC Control Input Voltage (V|n) 

-1.5 toVcc + 1.5V 

Supply Voltage(Vcc) 2 

12 

V 

DC Switch I/O Voltage (V|o) 

— 0.5 to Vcc 0.5V 

DC Input or Output Voltage 0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

(Vin.Vqut) 



DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

'C 

DC Vcc or GND Current, per pin (Ice) 

± 50 mA 

MM54HC -55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto +150°C 

Input Rise or Fall Times 



Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 

1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 

500 

ns 



Vcc = 6.0 V 

400 

ns 

DC Eiectricai Characteristics (Note 4) 





Symboi 

Parameter 

V|H 

Minimum High Level 

Input Voltage 

V|L 

Maximum Low Level 

Input Voltage 

Ron ' 

Maximum ‘ON’ Resistance 
(See Note 5) 

Ron 

Maximum ‘ON’ Resistance 
Matching 

l|N 

Maximum Control 

Input Current 

l|Z 

Maximum Switch ‘OFF’ 
Leakage Current 

l|Z 

Maximum Switch ‘ON’ 
Leakage Current 

Icc 

i 

Maximum Ouiescent 

Supply Current 


Ta=25“C 


Conditions 


TA=-40to85“C I Ta= -55to125°C 



Guaranteed Limits 

1.5 

1.5 

1.5 

3.15 

3.15 

3.15 

6.3 

6.3 

6.3 

8.4 

8.4 

8.4 

0.3 

0.3 

0.3 

0.9 

0.9 

0.9 

1.8 

1.8 

1.8 

2.4 

2.4 

2.4 


\/|s~Vcc to GND 
(Figure 1 ) 


V|s=Vcc or GND 9.0V 

(Figure 1) 12.0V 


V|s = Vcc to GND 


4.5 
9.0V 5 

12.V 5 


V|N — VccorGND 
Vcc = 2-6V 


VoS = VccorGND 5.5V 10 

V|s = GNDorVcc 9.0V 15 

Vctl = V|l (Figure 2) 12.0V 20 


Vos = VccorGND 5.5V 10 

VctL = V|h 9.0V 15 

(Figures) 12.0V 20 


V|N = Vcc or GND 

IOUT==0 /lA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic “J" package: -12 mW/°C from 
100°C to 125°C, 

Note 4: For a power supply of 5V ±10% the worst case on resistances (Ron) occurs for HC at 4,5V, Thus the 4,5V values should be used when designing with 
this supply. Worst case V|h and V|l occur at Vcc = 5,5V sod 4,5V respectively. (The V|h value at 5,5V is 3,85V,) The worst case leakage current occur for CMOS 
at the higher voltage and so these values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 

Vcc=2.0V-6.0V Vee = OV to eV, Cl= 15 pF (unless othenwise specified) 


Symbol 


tPHL. tpLH 







Maximum Propagation 
Delay Switch In to 
Out 


Maximum Switch Turn 
"ON" Delay 


Maximum Switch Turn 
"OFF” Delay 


Maximum Switch 
Frequency Response 
20log(V|/Vo)=-3dB 


Cross Talk Control 
to Switch 


Cross Talk Between 
Any Two Switches 
(Frequency at -50 dB) 


Crosstalk, Switch 
Input to Output 
lFrequencyat-50dB) 


Maximum Control 
Input Capacitance 


Maximum Switch 
Input Capacitance 


Maximum Feedthrough 
Capacitance 



Typical Performance Characteristics 

Typical “On” Resistance 



Versus Input Voltages (’4016) 


iiiiiniii 


s 

niuuiiii 



irjSESSHII 


UJ 

ec 

MBaniiii 


z ^ 
o 



0 



2 4 6 8 10 12 

INPUT VOLTAGE (VOLTS) 

TL/F/5350-17 
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MM54/74HC4016 


AC Test Circuits and Switching Time Waveforms 



Vos = VccORGND 


TL/F/5350-4 


TL/F/5350-3 


FIGURE 1. “ON” Resistance FIGURE 2. “OFF” Channel Leakage Current 




TL/F/5350-6 TL/F/5350-7 

FIGURE 4. tpHL> tpLH Propagation Delay Time Signal Input to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/5350-10 TL/F/5350-11 

FIGURE 6. tpzHi tpHZ Propagation Delay Time Control to Signal Output 




TL/F/5350-16 

FIGURE 8: Crosstalk Between Any Two Switches 
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MM54/74HC4017 


National 
Semiconductor 

MM54HC401 7/MM74HC401 7 

Decade Counter/Divider with 10 Decoded Outputs 

General Description 

The MM54HC4017/MM74HC4017 is a S-stage Johnson 
counter with 10 decoded outputs that utilizes micro-CMOS 
Technology, 3.5 micron silicon gate P-well CMOS. Each of 
the decoded outputs is normally low and sequentially goes 
high on the low to high transition of the clock input. Each 
output stays high for one clock period of the 10 clock period 
cycle. The CARRY output transitions low to high after OUT- 
PUT 10 goes low, and can be used in conjunction with the 
CLOCK ENABLE to cascade several stages. The CLOCK 
ENABLE input disables counting when in the high state. A 
RESET input is also provided which when taken high sets all 
the decoded outputs low. 

The MM54HC4017/MM74HC4017 is functionally and pinout 
equivalent to the CD4017BM/CD4017BC. It can drive 

Connection Diagram 

Dual-ln-L!ne Package 


OECOBEO OUTPUT "S" 
DECODED OUTPUT "1" 
DECODED OUTPUT. "O" 
DECODED OUTPUT "2" 
DECODED output; ~S" 
DECODED OUTPUT “7" 
DECODED OUTPUT "3" 
GMD 



Vcc 

RESET 

CLOCK 

CLOCK EMAELE 
CARRYOUT 
DECODED OUTPUT -r 
DECODED OUTPUT "4" 
DECODED OUTPUT "8" 


up to 10 low power Schottky equivalent loads. All inputs are 
protected from damage due to static discharge by diodes 
from Vcc and ground. 

Features 

B Wide power supply range: 2-6V 
s Typical operating frequency: 30 MHz 
H Fanout of 10 LS-TTL loads. 

B Low quiescent current: 80 [ik (74HC series) 

Q Low input current: 1.0 jlA 




microCMOS 


TOP VIEW 


TL/F/5351 -1 


MM54HC4017/!i^iv174HC4017 
S4HC401 7 (J) 74HC401 7 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) - 

DC Input Voltage (V|n) - 1 .5 

DC Output Voltage (Vqut) -0.5 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 

Storage Temperature Range (Tstg) “65' 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (TJ (Soldering 10 seconds) 


-0.5 to +7.0V 
-1.5 to VCC+1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
± 50 mA 
-65°Cto +150°C 
500 mW 
ends) 260‘’C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(V(n.Vout) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

i 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 



V|N = V|HOrV|L 
IIqutI ^4.0 mA 
|IoutI^ 5'2 mA 


V|N = ViH orViL 
|IoutI^20 iiA 


V|N = V|HorV|L 
|IoutI^ 4.0 mA 
|IoutI^ 5-2 mA 


V|N — VccorGND 6.0V 


IOUT = 0 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N'' package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current Oin. 
IcC' and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC4017 


AC Electrical Characteristics vcc=5v, ta=25°c. cl=i5 pf tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Clock Frequency 

Measured with 
respect to carry line 

50 

30 

MHz 

tpHL. tPLH 

Maximum Propagation 

Delay, Enable to Carry-Out Line 


26 

44 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay Enable Decode-Out Lines 


27 

44 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay, Reset or Clock to Decode Out 


23 

40 

ns 

tpHL. tPLH 

Maximum Propagation 

Delay, Reset or Clock to Carry Out 


23 

40 

ns 

ts 

Minimum Clock Inhibit 

Data Set-Up Time 


12 

20 

ns 

tw 

Minimum Clock or Reset Pulse Width 


8 

16 

ns 

tREM ' 

Minimum Reset Removal Time 


■a 

20 

ns 


AC Electrical Characteristics Vcc=2.0-6.0\/, Cl50 pF tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55 to125°C 

Units 

EM 

Guaranteed Limits 

^MAX 

Maximum Clock Frequency 

Measured with 

2.0V 

■ 

4 

3 

3 

MHz 



respect to carry line 

4.5V 

■ 

20 

16 

13 

MHz 




6.0V 

■ 

23 

18 

15 

MHz 

tpHL. tpLH 

Maximum Propagation 


2.0V 

89 

250 

312 

375 

ns 


Delay, Enable to Carry-Out Line 


4.5V 

25 

50 

63 

75 

ns 




6.0V 

20 

43 

54 

65 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 

90 

250 

312 

375 

ns 


Delay, Enable to Decode Out Line 


4.5V 

25 

50 

63 

75 

ns 




6.0V 

20 

43 

54 

65 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 

82 

230 

288 

345 

ns 


Delay, Reset or Clock to Decode Out 


4.5V 

22 

46 

58 

69 

ns 




6.0V 

18 

39 

49 

59 

ns 

tpHL. tPLH 

Maximum Propagation 


2.0V 

82 

230 

288 

345 

ns 


Delay, Reset or Clock to Carry Out 


4.5V 

22 

46 

58 

69 

ns 




6.0V 

18 

39 

49 

59 

ns 

tw 

Minimum Reset or Clock Pulse 


2.0V 

30 

80 

100 

120 

ns 


Width 


4.5V 

9 

. 16 

20 

24 

ns 




6.0V 

8 

14 

18 

21 

ns 

tREM 

Minimum Reset Removal 


2.0V 

■ 

100 

125 

150 

ns 


Time 


4.5V 


20 

25 

30 

ns 




6.0V 

■ 

17 

21 

25 

ns 

tTHL. tTLH 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

tr. tf 

Minimum Input Rise and Fall Time 


2.0V 

■ 

1000 

1000 

1000 

ns 




4.5V 


500 

500 

500 

ns 




6.0V 

■ 

400 

400 

400 

ns 

CPD 

Power Dissipation 

(per package) 

■ 

■ 

■ 



pF 


Capacitance (Note 5) 


■ 

■ 

■ 




C|N 

Maximum Input Capacitance 



B 

O 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vec f + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HC4020 

MM54/74HC4024/4040 


National 

Semiconductor 


MM54HC4020/MM74HC4020 14 Stage Binary Counter 
MM54HC4024/MM74HC4024 7 Stage Binary Counter 
i\/IM54HC4040/MM74HC4040 12 Stage Binary Counter 




microCMOS 


General Description 

The MM54HC4020/74HC4020, MM54HC4024/74HC4024, 
IVIM54HC4040/74HC4040, are high speed binary ripple carry 
counters. These counters are implemented utilizing micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS, to 
achieve speed performance similar to LS-TTL logic while 
retaining the low power and high noise immunity of CMOS. 

The ’HC4020 is a 14 stage counter, the ’HC4040 is a 12 
stage counter, and the ’HC4024 is a 7 stage counter. All 
these devices are incremented on the falling edge (negative 
transition) of the input clock, and all their outputs are reset 
to a low level by applying a logical high on their reset input. 


These devices are pin equivalent to the CD4020, CD4024 
and CD4040 respectively. All inputs are protected from 
damage due to static discharge by protection diodes to Vcc 
and ground. 

Features 

Q Typical propagation delay; 16 ns 
B Wide operating voltage range: 2-6V 
Q Low input current: 1 /iA maximum 
n Low quiescent current: 80 jj,A maximum (74HC series) 
n Output drive capability: 10 LS-TTL loads 


Connection Diagrams 

Dual-ln-Llne Packages 




MM54HC4020/MM74HC4020 
54HC4020 (J) 74HC4020 (J, N) 


MM54HC4024/MM74HC4024 
54HC4024 (J) 74HC4024 (J. N) 



MM54HC4040/MM74HC4040 
54HC4040 (J) 74HC4040 (J, N) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage {V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (Icp) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ±50 mA 

Storage Temperature Range (T stg) “ 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 


Conditions 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 6.0V 


Symbol 

Parameter 

V|H 

Minimum High Level Input 
Voltage 

V|L 

Maximum Low Level Input 
Voltage 

VOH 

Minimum High Level Output 
Voltage 

VOL 

Maximum Low Level Output 
Voltage 

l|N 

Maximum Input Current 

Icc 

Maximum Quiescent Supply 
Current 


74HC 54HC 

TA=-40to85°C TA=-55tOl25°C 




V|N = V|H orViL 
|IoutI^ 4.0 mA 
il0UTl^5-2 mA 


V|N = V|HOrV|L 
lloUTk20 (xA 


V|N = V|HorV|L 

llouTl^4.0mA 4.5V 0.2 .26 

il0UTl^5-2mA 6.0V 0.2 .26 


V|N = VccorGND 6.0V 


louT = 0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C: ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh- 3nd Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.e5V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC4024/4040 


AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 


Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Operating Frequency 


50 

25 

MHz 

tpHL. tpLH 

Maximum Propagation 

Delay Clock to Q 

(Note 5) 

17 

35 

n's 

tpHL 

Maximum Propagation 

Delay Reset to Any Q 


16 

40 

ns 

tREM 

Minimum Reset 

Removal Time 


10 

20 

ns 

tw 

Minimum Pulse Width 


10 

16 

ns 


AC Electrical Characteristics Vcc=2.0V to 6.0V, Cl =50 pF, tr=tf = 6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

ZS'C 

74HC 

Ta=- 40 to BS-C 

54HC 

Ta=- 55 to125“C 

Units 





Typ 

Guaranteed Limits 


fWAX 

Maximum Operating 



10 

n 

3 

3 

MHz 


Frequency 



40 

md»m 

16 

13 

MHz 


(’4020 and ’4040) 



50 

El 

19 

16 

MHz 

fMAX 

Maximum Operating 



10 

5 

4 

■ 3 

MHz 


Frequency (’4024) 



50 

25 

20 

17 

MHz 





60 

29 

23 

20 

MHz 

fpHL. tPLH 

Maximum Propagation 



80 

210 

265 

313 

n 


Delay Clock to Q-i 



21 

42 

53 

63 

■■ 




Im 

18 

36 

45 

53 

ns 

fpHL 

Maximum Propagation 



80 

210 

265 

313 

ns 


Delay Reset to Q 



21 

42 

53 

63 

ns 


(’4024 only) 


Hi 

18 

36 

45 

53 

ns 

fPHL 

Maximum Propagation 


HI 

72 

240 

302 

358 

ns 


Delay Reset to Any Q 



■ 24 

40 

60 

72 

ns 


(’4020 and ’4040) 



I 20 

41 

51 

61 

ns 

fREM 

Minimum Reset 




100 

126 

149 

ns 


Removal Time 


BB 


20 

25 

50 

ns 






16 

21 

25 

ns 

tw 

Minimum Pulse Width 


2.0V 


90 

100 

120 

ns 




4.5V 


16 

20 

24 

ns 




6.0V 

HI 

14 

18 

20 

ns 

fTLH. fTHL 

• Maximum 


2.0V 

30 

75 

95 

110 

ns 


Output Rise 


4.5V 

10 

15 

19 

22 

ns 


and Fall Time 


6.0V 

9 ■ 

13 

16 

19 

ns 

tr.tf 

Maximum Input Rise and 




1000 

1000 

1000 

ns 


Fall Time 




500 

500 

500 

ns 





H 

400 

400 

400 

ns 

CpD 

Power Dissipation 
Capacitance (Note 6) 

(per package) 


55 

■ 



pF 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 


Note 5: Typical Propagation deiay time to any output can be calculated using: tp =17+12(N-1) ns; where N is the number of the output, Qyv, at Vcc=5V. 
Note 6: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc. the no load dynamic current consumption, 
ls=CpD Vcc t+icc- 

Note 7: Refer to back of this section for Typicai MM54/74HC AC Switching Waveforms and Test Circuits. 
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PRELIMINARY 



microCMOS 


National 
Semiconductor 

MM54HC4046/MM74HC4046 
CMOS Phase Lock Loop 

General Description 

The MM54HC4046/MM74HC4046 is a low power phase 
lock loop utilizing 3.5/* silicon-gate P-well microCMOS 
Technology to obtain high frequency operation both in the 
phase comparator and VCO sections. This device contains 
a low power linear voltage controlled oscillator (VCO), a 
source follower, and three phase comparators. The three 
phase comparators have a common signal input and a 
common comparator input. The signal input has a self 
biasing amplifier allowing signals to be either capacitively 
coupled to the phase comparators with a small signal or 
directly coupled with standard input logic levels. This 
device is similar to the CD4046 except that the Zener diode 
of the metal gate CMOS device has been replaced with a 
third phase comparator. 

Phase comparator I is an exclusive OR (XOR) gate. It pro- 
vides a digital error signal that maintains a 90 phase shift 
between the VCO’s center frequency and the input signal 
(50% duty cycle input) waveforms. This phase detector is 
more susceptible to locking onto harmonics of the input 
frequency than phase comparator I, but provides better 
noise rejection. 

Phase comparator III is an SR flip-flop gate. It can be used 
to provide the phase comparator functions and is similar to 
the first comparator in performance. 

Phase comparator II is an edge sensitive digital sequential 
network. Two signal outputs are provided, a comparator 
output and a phase pulse output. The comparator output 
is a TRI-STATE® output that provides a signal that locks 
the VCO output signal to the input signal with 0 phase shift 


between them. This comparator is more susceptible to 
noise throwing the loop out of lock, but is less likely to lock 
onto harmonics than the other two comparators. 

In a typical application all three comparators feed an exter- 
nal filter network which in turn feeds the VCO input. This 
input is a very high impedance CMOS input which also 
drives the source follower. The VCO’s operating frequency 
is set by three external components connected to the C1A, 
C1B, R1 and R2 pins. An inhibit pin is provided to disable the 
VCO and the source follower, providing a method of putting 
the 1C in a low power state. 

The source follower is a MOS transistor whose gate is con- 
nected to the VCO input and whose drain connects the De- 
modulator output. This output normally is used by tying a 
resistor from pin 10 to ground, and provides a means of 
looking at the VCO input without loading down modifying the 
characteristics of the PLL filter. 

Features 

B Low dynamic power consumption: 

(Vcc=4.5V) 

B Maximum VCO operating frequency: 20 MHz 
(Vcc = 4.5V) 

B Fast comparator response time (Vcc = 4.5V) 
Comparator I: 20 ns 
Comparator II: 25 ns 
Comparator III: 20 ns 

a VCO has high linearity and high temperature 
stability 



Block and Connection Diagrams 


SIGNAL 

IN Vcc 



Dual-ln-Llne Package 



Vdd 

PHASE COMP III OUT 
SIGNAL IN 
PHASE COMP II OUT 
R2 
R1 

OEMODUUTOR OUT 
VCO IN 


TOP VIEW 


TL/F/5352-2 
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Absolute Maxmum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current per pin (Iqut) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to + 7.0 V 
-1.5 to Vcc +1-5V 
— 0.5 to Vcc 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto ±150°C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


260°C 


Supply Voltage (Vcc) 

DC Input or Output Voltage 
(V|N. Vqut) 

Operating Temperature Range (Ta) 
MM74HC 
MM54HC 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5 V 
Vcc = 6.0V 


Min 

2 

0 


-40 

-55 


Max 

Units 

6 

V 

Vcc 

V 

±85 

'C 

±125 

“C 

1000 

ns 

500 

ns 

400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

p 

£n 

to 

o 2 

X o 

1 

II 

54HC 

TA=-55tOl25°C 

Units 

EH3 

Guaranteed Limits 

ViH 

Minimum High Level Input 


2.0V 

■ 

1.5 


1.5 

V 


Voltage 


4.5V 

■ 

3.15 


3.15 

V 




6.0V 

■ 

4.2 


4.2 

V 

V|L 

Maximum Low Level Input 


2.0V 

■ 

0.3 

0.3 

0.3 

V 


Voltage 


4.5V 

■ 

0.9 

0.9 

0.9 

V 




6.0V 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level Output 

V|N = V|H orV|L 








Voltage 

|louTk20 fiA 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|H orViL 

■1 



■H 





|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



|IoutI^ 8-2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level Output 

V|N = V|H or V|L 






■ 


Voltage 

|IoutI^20 ^xA 

2.0V 

0 

0.1 

0.1 

0.1 





4.5V 

0 

0.1 

0.1 

0.1 





6.0V 

0 

0.1 

0.1 

0.1 




V|n = V|h orViL 






■ 



|louTk4.0mA 

4.5V 

0.2 

0.26 


0.4 

n 



|IoutI^ 5.2 mA 

6.0V 


0.26 


0.4 

n 

l|N 

Maximum Input Current (Pins 3,5,9) 

V|N ~ VcQ or GND 

HBH 


±0.1 

±1.0 

±1.0 

fiA 

l|N 

Maximum Input Current (Pin 14) 

V|N “ Vcc or GND 

HBB 


2 

3 

4 

jaA 

•oz 

Maximum TRI-STATE Output 

Vqut = V cc or GND 

6.0V 


±0.5 

±5.0 

±10 

jtiA 


Leakaige Current 

G = V|h 







Icc 

Maximum Quiescent Supply 

V|N ~ Vcc or GND 

6.0V 


8.0 

80 

160 

/lA 

' 

Current 

Iout= 6 pA 








Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3; Power Dissipation temperature derating — plastic “N” package: —12 mW/'C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100'’C to 125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Icc. arid Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 2.0 to 6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified). 


Symbol 

Parameters 

Conditions 

Vcc 

T = 25'’C 

74HC 

54HC 

Units 

Typ 

Guaranteed Limits 


AC Coupled 

C (series) = 100 pF 


100 

200 

225 


mV 


Input Sensitiv- 

f|N = 500 kHz 


mm 

400 

450 


mV 


ity, Signal In 


lEM 

■a 

600 

650 

700 

mV 

tr. tf 

Maximum Output 

* 

2.0V 

30 

75 

95 

110 

ns 


Rise and Fall 


4.5V 

9 

15 

19 

22 

ns 


Time 


6.0V 

8 

12 

15 

19 

ns 

C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Phase Comparator I 


tpHL. tpLH 

Maximum Prop- 


2.0V 

58 

165 

206 

250 

ns 


agation Delay 


4.5V 

20 

35 

44 

52 

ns 




6.0V 

18 

30 

38 

45 

ns 

CpD 

Maximum Power 

Dissipation 

Capacitance 







pF 

Phase Comparator II 

tpHL. *PLH 

Maximum Prop- 


2.0V 

60 

150 

190 

225 

ns 


agation Delay 

• 

4.5V 

20 

30 

38 

45 

ns 


Comp. Output 


6.0V 

18 

25 

32 

38 

ns 

tpZL 

Maximum TRI- 


2.0V 

60 

150 

190 

225 

ns 


STATE Enable 


4.5V 

20 

30 

38 

45 

ns 


Time 


6.0V 

18 

25 

32 

38 

ns 

tpZH 

Maximum TRI- 



72 

200 

250 

300 

ns 


STATE Enable 



22 

40 

50 

60 

ns 


Time 



19 

34 

42 

51 

ns 

tpLZ 

Maximum TRI- 


2.0V 

72 

200 

250 

300 

ns 


STATE Disable 


4.5V 

22 

40 

50 

60 

ns 


Time 


6.0V 

19 

34 

42 

51 

ns 

tpHZ 

Maximum TRI- 


2.0V 

72 

200 

250 

300 

ns 


STATE Disable 


4.5V 

22 

40 

50 


ns 


Time 


6.0V 

19 

34 

42 


ns 

*PHL 

Maximum Prop- 


2.0V 

72 

200 

250 

300 



agation Delay 


4.5V 

22 . 

■■ 

50 




High to Low 
to Phase Pulses 


6.0V 

19 

H 

42 

H 

H 

tpLH 

Maximum Prop- 


2.0V 

72 

200 

250 

300 

ns 


agation Delay 


4.5V 

22 

40 

50 


ns 


Low to High 
to Phase Pulses 


6.0V 

19 

34 

42 

H 

ns 

CpD 

Maximum Power 

Dissipation 

Capacitance 







pF 


Phase Comparator III 


tpHL. tpLH 

Maximum Prop- 
agation Delay 


H 





ns 

ns 

ns 

CpD 

Maximum Power 

Dissipation 

Capacitance 




■ 



pF 





































































































MM54HC/74HC4046 


AC Electrical Characteristics (Continued) 

Vcc = 2.0 to 6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified). 

^ Z T = 25'>C 74HC 54HC ,, 

Symbol Parameters Conditions Vcc — ^ Units 

Typ Guaranteed Limits 



The VCO requires two or three external components to 
operate. These are R1, R2, C1. Resistor 1 and capacitor 
C1 are selected to determine the center frequency of the 
VCO (see typical performance curves). R2 can be used to 
set the offset frequency with OV at VCO input. If R2 is omit- 
ted the VCO range is from 0 Hz; as R2 is decreased, the 
offset frequency is increased. The effect of R2 is shown in 
the design information table and typical performance 


curves. By increasing the value of R2 the lock range of the 
PLL is decreased and the gain (volts/Hz) is increased. 
Thus, for a narrow lock range, large swings on the VCO 
input will cause less frequency variation. 

Internally, the resistors set a current in a current mirror, as 
shown in Figure 1. The mirrored current drives one side of - 



FIGURE 1. Logic Diagram for VCO 
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Detailed Circuit Description (Continued) 

the capacitor: once the capacitor charges up to the thresh- 
old of the Schmitt Trigger the oscillator logic flips the 
capacitor over and causes the mirror to charge the oppo- 
site side of the capacitor. The output from the internal logic 
is then taken to pin 4. 

The input to the VCO is a very high impedance CMOS 
input and thus will not load down the loop filter, easing the 
filters design. In order to make signals at the VCO input 
accessible without degrading the loop performance, a 
source follower transistor is provided. This transistor can 
be used by connecting a resistor to ground and its drain 
output will follow the VCO input signal. 

An inhibit signal is provided to allow disabling of the VCO 
and the source follower. This is useful if the internal VCO is 
not being used, but an external one is. A logic high on inhibit 
disables the VCO and source follower. 

The output of the VCO is a standard high speed CMOS 
output with an equivalent LS-TTL fanout of 10. The VCO 


output is approximately a square wave. This output can 
either directly feed the comparator input of the phase com- 
parators or feed external prescalers (counters) to enable 
frequency synthesis. 

PHASE COMPARATORS 

All three phase comparators have two inputs. Signal In and 
Comparator In. The Signal In has a special DC bias network 
that enables AC coupling of input signals. If the signals are 
not AC coupled then this input requires logic levels the 
same as standard 54HC/74HC. The comparator input is a 
standard digital input. Both input structures are shown in 
Figure 3. 

The outputs of these comparators are essentially standard 
54HC/74HC voltage outputs (comparator II is TRI-STATE). 




PHASE COMPARATOR I 
OUTPUT 


TL/F/5352-4 

FIGURE 3. Logic Diagram for Phase Comparator I and the Common Input Circuit for All Three Comparators 



PHASE COMPARATOR I 
OUTPUT 


JTJHJlJnJTJT. 


VCO IN 


FIGURE 4. Typical Phase Comparator I Waveforms 
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VCO WITHOUT OFFSET 

R 2 = 00 


VCO WITH OFFSET 




TL/F/5352-6 


(a) 


Comparator I 


Comparator II 


Comparator III 


R2=' 


R2^ ‘ 


R2=' 


R2=5^ ‘ 


R2=' 


R2^ * 


-Given: fo 
-Use fo with 
Figure 5a 
to determine 
R1 and Cl 


-Given: fo and fL 
-Calculate fmin 
from the equation 

-Use fmin with Figure 5b 
to determine R2 and C1 
-Calculate fmax^^min 
from the equation 
fmax/^min~ 
fo+Vfo-fL 
-Use fmax^^min 
with Figure 5c 
to determine 
ratio R2/R1 
to obtain R1 


—Given: fmax 
-Calculate fo from 
the equation 

-Use fo with 
Figure 5a to 
determine 
R1 and Cl 


-Given: f^pin and fmax 
-Use fmin with 
Figure 5b to 
determine R2 and Cl 
-Calculate fmax^^min 
-Use fmax/^min 
with Figure 5c 
to determine ratio R2/R1 
to obtain R1 


VCO Center Frequency 

VSC1(R2=oo) 


(b) 


VCC Frequency Offset 
vs Cl 


Typical fmax/fmln 



too 


- 10 


SSiii!i'iSSi!!i 

SSSi 

iimi'b 

Sill 

s 

1 

llliil 


■11 

mil HI 

III! 

■ 

1 

mil] 

ill 

11 

IK!'" 

III 

^1. 

11 

mim 

nil 

nil 

1 

1 

■ 

1 

1 

III 

llliil 

mill 

ill 

Him 

ill 

■■1 

lilli 

iiM SSSStli 
iiti aitiiii 

SSSSiii. S 

Ml 

.S/'i ■ 

■II 

III 

Hill ■Hill 

aciiiilii 

ilii'S 

1 

1 

mm 

IIII1 



0 top loop lOOOp O.OV 
Cl (F) 

TL/F/5352-7 

(C) 


op lOp loop lOOOp 0.01a 
Cl (F) 


(d) 


0.01 0.1 1 10 10 ^ 
R2/R1 


TL/F/5352-9 


(e) 


FIGURE 2. VCO Characteristics: a) Idealized lYansfer Function 

b) Determining External Components 

c) , d), e) Typical Frequency Characteristics versus Component Values 
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Detailed Circuit Description (Continued) 

Thus in normal operation Vcc and ground voitage leveis 
are fed to the ioop fiiter. This differs from some phase 
detectors which supply a current output to the loop filter 
and this should be considered in the design. (The CD4046 
also provides a voltage.) 

Figure 5 shows the state tables for all three comparators. 


and the phase difference between comparator in and sig- 
nal in will increase. At an input frequency equal to f^in, the 
VCO input is at OV. This requires the phase detector output 
to be grounded; hence, the two input signals must be in 
phase. When the input frequency is f^ax. '^e VCO input 
must be Vcc the phase detector inputs must be 180° 
out of phase. 


PHASE COMPARATOR I 

This comparator is a simple XOR gate similar to the 54/ 
74HC86, and its operation is similar to an overdriven bal- 
anced modulator. To maximize lock range the input 
frequencies must have a 50% duty cycle. Typical input 
and output waveforms are shown in Figure 4. The output of 
the phase detector feeds the loop filter which averages the 
output voltage. The frequency range upon which the PLL 
will lock onto if initially out of lock is defined as the capture 
range. The capture range for phase detector I is depen- 
dent on the loop filter employed. The capture range can be 
as large as the lock range, which is equal to the VCO fre- 
quency range. 

To see how the detector operates, refer to Figure 4. When 
two square wave inputs are applied to this comparator, an 
output waveform whose duty cycle is dependent on the 
phase difference between the two signals results. As the 
phase difference increases, the output duty cycle 
increases and the voltage after the loop filter increases. 
Thus, in order to achieve lock when the PLL input fre- 
quency increases the VCO input, voltage must increase 

Phase Comparator State Diagrams 


The XOR is more susceptible to locking onto harmonics of 
the signal input than the digital phase detector II. For 
instance, a signal 2 times the VCO frequency results in the 
same output duty cycle as a signal equal to the VCO fre- 
quency. The difference is that the output frequency of the 
2f example is twice that of the other example. The loop 
filter and the VCO range should be designed to prevent 
locking on to harmonics. 

PHASE COMPARATOR II 

This detector is a digital memory network. It consists of 
four flip-flops and some gating logic, a three state output 
and a phase pulse output as shown in Figure 6. This com- 
parator acts only on the positive edges of the input signals 
and is thus independent of signal duty cycle. 

Phase comparator II operates in such a way as to force the 
PLL into lock with 0 phase difference between the VCO 
output and the signal input positive waveform edges. Figure 
7 shows some typical loop waveforms. First assume that 
the signal input phase is leading the comparator input. This 





FIGURE 5. 
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Detailed Circuit Description (Continued) 

means that the VCO’s frequency must be increased to 
bring its leading edge into proper phase alignment. Thus 
the phase detector II output is set high. This will cause the 
loop filter to charge up the VCO input, increasing the VCO 
frequency. Once the leading edge of the comparator input 
is detected, the output goes TRI-STATE holding the VCO 
input at the loop filter voltage. If the VCO still lags the sig- 
nal then the phase detector will again charge up to VCO 
input for the time between the leading edges of both wave- 
forms. 

If the VCO leads the signal then when the leading edge of 
the VCO is seen, the output of the phase comparator goes 
low. This discharges the loop filter until the leading edge of 
the signal is detected at which time the output disables 
itself again. This has the effect of slowing down the VCO to 
again make the rising edges of both waveforms coinciden- 
tal. 

When the PLL is out of lock, the VCO will be running either 
slower or faster than the signal input. If it is running slower 
the phase detector will see more signal rising edges and 
so the output of the phase comparator will be high a major- 
ity of the time, raising the VCO’s frequency. Conversely, if 
the VCO is running faster than the signal, the output of the 
detector will be low most of the time and the VCO's output 
frequency will be decreased. 

As one can see, when the PLL is locked the output of 
phase comparator II will be almost always disabled except 
for minor corrections at the leading edge of the waveforms. 
When the detector is TRI-STATE the phase pulse output is 
high. This output can be used to determine when the PLL 
is in the locked condition. 

This detector has several interesting characteristics. Over 
the entire VCO frequency range there is no phase differ- 
ence between the comparator input and the signal input. 
The lock range of the PLL Is the same as the capture 


range. Minimal power is consumed in the loop filter since 
in lock the detector output is a high impedance. Also, 
when no signal is present, the detector will see only VCO 
leading edges, so the comparator output will stay low, forc- 
ing the VCO to fmin operating frequency. . 

Phase comparator II is more susceptible to noise, causing 
the phase lock loop to unlock. If a noise pulse is seen on 
the signal input, the comparator treats it as another posi- 
tive edge of the signal and will cause the output to go high 
until the VCO leading edge is seen, potentially for a whole 
signal input period. This would cause the VCO to speed up 
during that time. When using the phase comparator I, the 
output of that phase detector would be disturbed for only 
the short duration of the noise spike and would cause less 
upset. 

PHASE COMPARATOR III 

This comparator is a simple SR flip-flop which can function 
as a phase comparator as shown in Figure 8. It has some 
similar characteristics to the edge sensitive comparator. To 
see how this detector works, assume input pulses are 
applied to the signal and comparator inputs as shown in 
Figure 9. When the signal input leads the comparator 
input, the flop is set. This will charge up the loop filter and 
cause the VCO to speed up, bringing the comparator into 
phase with the signal input. When using short pulses as 
input, this comparator behaves very similarly to the second 
comparator. But one can see that if the signal input is a 
long pulse, the output of the comparator will be forced to a 
one no matter how many comparator input pulses are 
received. Also, if the VCO input is a square wave (as it is) 
and the signal input is pulse, then the VCO will force the 
comparator output low much of the time. Therefore, it is 
ideal to condition the signal and comparator input to short 
pulses. This is most easily done by using a series 
capacitor. 



FIGURE 8. Phase Comparator III Logic Diagram 


N 


n 


COMPARATOR IN 
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FIGURE 9. Typical Waveforms for Phase Comparator III 
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MM54/74HC4049 

MM54/74HC4050 


National 

Semiconductor 


microCMOS 


MM54HC4049/MM74HC4049 

Hex Inverting Logic Level Down Converter 

MM54HC4050/MM74HC4050 

Hex Logic Level Down Converter 


General Description 

The MM54HC4049/MM74HC4049 and the MM54HC4050/ 
MM74HC4050 utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and have a modified input protec- 
tion structure that enables these parts to be used as logic 
level translators which will convert high level logic to a low 
level logic while operating from the low logic supply. For 
example, 0-15V CMOS logic can be converted to 0-5V log- 
ic when using a 5V supply. The modified input protection 
has no diode connected to Vcc thus allowing the input volt- 
age to exceed the supply. The lower zener diode protects 
the input from both positive and negative static voltages. In 
addition each part can be used as a simple buffer or inverter 
without level translation. The MM54HC4049/MM74HC4049 


Connection Diagrams 


is pin and functionally compatible to the CD4049BM/ 
CD4049BC and the MM54HC4050/MM74HC4050 is com- 
patible to the CD4050BM/CD4050BC 

Features 

B Typical propagation delay: 8 ns 
B Wide power supply range: 2\/-6\/ 

B Low quiescent supply current: 20 ju,A maximum (74HC) 
B Fanout of 10 LS-TTL loads 


Dual-ln*Line Package 


Dual'In-Llne Package 


16 IS 14 13 


6 7 


16 IS 14 13 Il2 11 


CNO Vqd G=A 


H=B B l=C 


MM54HC4049/MM74HC4049 


MM54HC4050/MM74HC4050 


54HC4049(J) 74HC4049 (J,N) 


54HC4050 (J) 74HC4050 (J,N) 
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Absolute Maximum Ratings (Notes i & 2 ) 

Operating Conditions 



Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (Vin) 

-1.5 toVcc+18V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input Voltage 

0 

15 

V 

Clamp Diode Current (Izk. Iok) 

±20 mA 

(ViN) 

\ 

Vcc 

V 

DC Output Current, per pin (Iqut) 

±25 mA 

DC Output Voltage 

0 

Vcc 

V 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

(Vqut) 




Storage T emperature Range (T stg) 

-65‘'Cto ±150°C 

Operating Temperature RangefTA) 



Power Dissipation (Pq) (Note 3) 

500 mW 

MM74HC 

-40 

±85 

°c 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 

MM54HC 

-55 

±125 

“C 



Input Rise or Fall Times 






(tr.tf) Vcc = 2.0V 


1000 

ns 



Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 

DC Electrical Characteristics (Note 4 ) 






Symbol 

Parameter 

VlH 

Minimum High Level Input 
Voltage 

V,L 

Maximum Low Level Input 
Voltage 

VqH 

Minimum High Level 

Output Voltage 

Vql 

Maximum Low Level 

Output Voltage 

•in 

Maximum Input Current 

•cc 

Maximum Quiescent Supply 
Current 


Conditions 


V|n=V|h orViL 
1 IoutI^ 4.0 mA 
il 0 UTi^ 5.2 mA 


V|N=Vih orViL 
|IoutI^20 ^A 


V|n = Vih orV|L 
IIoutI^^ mA 
hoUTl^5.2 mA 


V|N = Vcc or GND 
Vin = 15V 


ViN = Vq 0 or GND 

IOLIT=0 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages {Vqh and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc - 5-5V and 4.5V respectively. (T.he Vih value at 5.5V is 3.85V.) The worst case leakage current (I|n. 
Ice. Iqz) occur tor CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC4050 


AC Electrical Characteristics 


Vcc=5V. Ta = 25'’C, Cl= 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation Delay 


8 

15 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=25»C 

1 

74HC 

TA=-40°to85‘'C 

54HC 

TA=-55'’to125°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tpLH 

Maximum Propagation 



30 

76 

92 

106 

■gi 


Delay 



10 

17 

20 

26 

■■ 





9 

15 

18 

20 

ns 

tTHL. tTLH 

Maximum Output 


2.0V 

25 


95 

110 

ns 


Rise and Fall 


4.5V 

7 

19 

19 

22 

ns 


Time 


6.0V 

6 

H 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


25 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 


m 

5 

10 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vqc. and the no load dynamic current consumption, 
ls = CpDVcct+lcc- 

Note 6: Refer to back of this section for Typical MIVI54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC4051 /MI\/I74HC4051 
8 Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 
Dual 4 Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 
Triple 2 Channel Analog Multiplexer 


PRELIMINARY 


microCMOS 



General Description 

These multiplexers are digitally controlled analog switches 
implemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on” resist- 
ance and low “off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir- 
cuitry which lowers the on resistance and increases switch 
linearity. These devices allow control of up to ±6V (peak) 
analog signals with digital control signals of 0 to 6V. Three 
supply pins are provided for Vcc. Ground, and Veg. This 
enables the connection of 0-5V logic signals when 
Vcc=5V and an analog input range of ±5W when 
Vee = 5\/. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed from electrostatic damage by diodes to Vcc aid ground. 
MM54HC4051/MM74HC4051: This device connects togeth- 
er the outputs of 8 switches, thus achieving an 8 Channel 
Multiplexer. The binary code placed on the A, B, and C se- 
lect lines determines which one of the eight switches is “on”, 
and connects one of the eight inputs to the common output. 
MM54HC4052/MM74HC4052; This device connects to- 
gether the outputs of 4 switches in two sets, thus achieving 


a pair of 4 channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is “on”, connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4 channel differential multiplexer. 
MM54HC4053/MM74HC4053: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configuration. Each 
of the A, B, or C select lines independently controls one pair 
of switches, selecting one of the two switches to be “on”. 

Features 

■ Wide analog Input voltage range: ±6V 
B Low “on" resistance: 50 typ. (Vcc-Vee = '^-5V) 

30 typ. (Vcc-Vee=9V) 

B Logic level translation to enable 5V logic with ±5V 
analog signals 

B Low quiescent current: 80 jxA maximum (74HC) 

□ Matched Switch characteristic 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) - 0.5 to + 7.5V 

Supply Voltage (V^e) + 0.5 to — 7.5V 

Control Input Voltage (Vin) -1.5 to Vcc + 1-5V 

Switch I/O Voltage (V|o) Vee - 0.5 to Vcc + 0.5V 

Clamp Diode Current {i|K, Iqk) ± 20 mA 

Output Current, per pin (Iqlit) ^ 25 mA 

Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soidering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 



Min 

Max 

Units 

Supply Voltage(Vcc) 

2 

6 

V 

Supply Voltage(VEE) 

0 

-6 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

+ 85 

'C 

MM54HC 

-55 

+ 125 

”0 

Input Rise or Fall Times 
(tr. tf) 

Vcc = 2.0 V 

1000 

ns 


Vcc = 4.5V 

500 

ns 


Vcc = 6.0 V 

400 

ns 


Symbol 

Parameter 

Conditions 

Vee 

Vcc 

Ta = 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta= -55 to125°C 

Units 

BBS 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0V 

■ 

1.5 



n 


Input Voltage 



4.5 V 

■ 

3.15 



n 





6.0V 

■ 

4.2 




V|L 

Maximum Low Level, 



2.0V 

■ 

ig 

0.3 

0.3 

n 


Input Voltage 



4.5V 

■ 


0.9 

0.9 

WM 





6.0V 

■ 

IB 

1.2 

1.2 

WM 

Ron 

Maximum "ON" Resistance 

Vctl=V|h. Is= 1.0 mA 

' GND 

4.5V 

la 

■ 



n 


(See Note 5) 

V|s=Vcc to Vee 

; -4.5V 

4.5V 

19 

■ 



n 

/ 


(Figure 1 1 

-6.0 V 


m 

IH 



n 




GND 

2.0V 

IBil 

■ 



n 



Vctl=V|h. Is^t-O 

I GND 

4.5V 

40 

■ 



ft 



V|s=VcC or Vee 

-4.5 V 

4.5V 

20 

■ 



ft 



(Figure 1) 

-6.0 V 

6.0V 

15 

Ifll 



ft 

Ron 

Maximum “ON”Resistance 

Vctl=Vih 

GND 

4.5V 

m 

■ 



ft 


Matching 

V|S ~ Vcc to GND 

-4.5V 

4.5V 

5 




ft 




-6.0 V 

6.0V 

5 

■ 



ft 

l|N 

Maximum Control 

V|N ~ Vcc or GND 

m 

■ 

■ 

±0.1 

■ ±1.0 

±1.0 

liA 


Input Current 

Vcc = 2-6V 


■ 

■ 





l|Z 

Maximum Switch "OFF” 

Vos=Vcc or GND 

GND 

6.0V 

10 

■ 



nA 


Leakage Current 

V|s = GNDorVcc 

-6.0 V 

6.0V 

20 




nA 



Vctl = Vil (Figure 2) 




■ 




l|Z 

Maximum Switch "ON” 

Vos = Vcc or GND 

GND 


il 

■ 



nA 


Leakage Current 

Vctl = V|h 

-6.0 V 


m 




nA 



(Figure 3) 


■ 

■ 

ill 




Icc 

Maximum Quiescent 

V|N = Vcc or GND 

GND 



8 

80 

160 

IxA 


Supply Current 

IOUT=0 fA 

-6.0 V 

HBW 

L_ 

16 

160 

320 

jliA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 


Note 4: For a power supply of 5V ±1 0% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V|n and V|l occur at Vcc = 5.5V ^nd 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS 
at the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc“Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 



























































AC Electrical Characteristics 

Vcc=2.0V-6.0V Vee = 0V-6V, Cl= 50 pF (unless otherwise specified) 



Ta=25°C 





GND 2.0V 92 

GND 4.5V 18 

-4.5V 4.5V 16 

-6.0 V 6.0V 15 


GND 2.0V 65 

GND 4.5V 28 

-4.5V 4.5V 18 

-6.0V 6.0V 16 


Symbol Parameter Conditions Vee Vcc 


'PHL> 'PLH Maximum Propagation 
Delay Switch In to 
Out 


tpZL-tpZH Maximum Switch Turn RL=1kfI 
"ON" Delay 


^PHZ. tpLZ Maximum Switch Turn 
“OFF" Delay 


Minimum Switch 
Frequency Response 
20log(V|/Vo) = 3dB 


Cross Talk Control (Figure 7) 
to Switch 


Cross Talk Between 
Any Two Switches 
(Frequency at -50 dB) 


Crosstalk, Switch 
Input to Output 
(Frequency at -50 dB 


Maximum Control 
Input Capacitance 


Maximum Switch Input 

Input Capacitance 4051 Common 

4052 Common 

4053 Common 


Maximum Feedthrough 
Capacitance 


74HC 54HC 

-40to85°C Ta= - 55to125'C 


Guaranteed Limits 











4.5V 

















“ON” Channels 


C 

B A 

H^SII 

L 

L H 

L 

H L 

L 

H H 

H 

L L 

H 

L H 

H 

H L 

H 

H H 


"ON” Channels 

C 

b 

a 

None 

None 

None 

CX 

BX 

AX 

cx 

BX 

AY 

CX 

BY 

AY 

cx 

BY 

AY 

CY 

BX 

AY 

CY 

BX 

AY 

CY 

BY 

AY 

CY 

BY 

AY 
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MM54/74HC4051 


AC Test Circuits and Switching Time Waveforms 



TL/F/5353-4 


FIGURE 1. “ON” Resistance 


FIGURE 2. “OFF” Channel Leakage Current 




TL/F/5353-7 


FIGURE 4. tpHLi tpLH Propagation Delay Time Signal Input to Signal Output 



TL/F/5353-8 

FIGURE 5. tpzLi tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Vm 1 <PZH 


V|$-Vcc 


CONTROL Vcc 
V test „„ 
^ SWITCH 
Vee 


•Cl ^Rl 
•SOpF Si|( 




FIGURE 6. tpzHi tpHZ Propagation Delay Time Control to Signal Output 
Vcc 


CONTROL Vcc 


‘I — \ 

SWITCH " 



--T 

\ 

Vee ; 


J. 

> 60011 


< 60011 

I 



FIGURE 7. Crosstalk: Control Input to Signal Output 
Vcc 


CONTROL Vcc 

’ i'”""— t — 

hi < Rl 

I ? 60011 



CONTROL Vcc 

r test 

SWITCH 

VfF 


OUT/INK 9 Vot[t| 


FIGURE 8. Crosstalk Between Any Two Switches 

Typical Performance Characteristics 

Typical “On” Resistance 
vs Input Voltage 


niHissrai 

miiiii 


-6-4-20,2 4 6 

INPUT VOLTAGE (VOLTS) 

Vcc = “Vee TL/F/5353-18 
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National 

Semiconductor 


MM54HC4060/MM74HC4060 
14 Stage Binary Counter 




m 

V J 

croCMOS 


General Description 

The MM54HC4060/MM74HC4060 is a high speed binary 
ripple carry counter. These counters are implemented utiliz- 
ing microCMOS technology, 3.5 micron silicon gate P-well 
CMOS, to achieve speed performance similar to LS-TTL 
logic while retaining the low power and high noise immunity 
of CMOS. 

The 'HC4060 is a 1 4-stage counter which increments on the 
falling edge (negative transition) of the input clock, and all 
their outputs are reset to a low level by applying a logical high 
on their reset input. The 'HC4060 also has two additional 
inputs to enable easy connection of either an RC or crystal 
oscillator. 


This device is pin equivalent to the CD4060. All inputs are 
protected from damage due to static discharge by protec- 
tion diodes to Vcc and ground. 

Features 

■ Typical propagation delay: 16 ns 

■ Wide operating voltage range: 2-6\/ 

■ Low input current; 1 /xA maximum 

■ Low quiescent current 80 p.A maximum (74 series) 

■ Output drive capability: 10 LS-TTL loads 


Connection Diagram 

Dual-In-Line Package 

Vcc Oto 08 09 RESET CLOCK 1 CLOCK CLOCK 



54HC4060 (J) 74HC4060 (J, N) 

Logic Diagram 




TL/F/5216-8 


MM54/74HC4060 













MM54/74HC4060 


Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage(Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage(ViN) 

-1.5toVcc + 1.5V ' 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage(VouT) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current(lcD) 

±20 mA 

(Vin.voUT) 




DC Output Current, per pin(louT) 

±25 mA 

Operating Temperature RangefTA) 
MM74HC , -40 

+ 85 

°c 

DC Vcc or GND Current, per pin(lcc) 

±50mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range(TsTG) 

-65°Cto ±150”C 

Input Rise or Fall Times 




Power Dissipation(PD) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature(TL) (Soldering 10 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0 V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

Ta=-40 to SB-C 

54HC 

TA=-55to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level Input 




la 

1.5 


V 


Voltage 


4.5V 



3.15 


■1 




6.0V 


Bi 

4.2 



V|L 

Maximum Low Level Input 


HBH 



0.3 

0.3 

D 


Voltage 


4.5V 


^^9 

0.9 

0.9 

V 



■ 

6.0V 


1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level Output 

V|N = V|Hor V|L 








Voltage 

|IoutI^20 ^A 

2.0V 

2.0 

1.9 

1.9 

1.9 

V 




4.5V 

4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 









|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 


(except pins 11 and 12) 

|IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

V 

Vql 

Maximum Low Level Output 

V|N = V|Hor V|L 








Voltage 

IIqutNso hA 

2.0V 

0 

0.1 

0.1 

0.1 

V 




4.5V 

0 

0.1 

0.1 

0.1 

V 




6.0V 

0 

0.1 

0.1 

0.1 

V 



V|N = V|H or V|L 









IIoutN 4 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 


(except pins 11 and 12) 

|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input Current 

V|N = Vcc Of GND 

6.0V 


±0.1 

' ±1.0 

±1.0 

jmA 

Icc 

Maximum Quiescent Supply 

V|N — Vcc or GND 


m 






Current 

Iout=o fA 

6.0V 


8.0 

80 

160 

JU.A 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating: piastic "N" package; -12 mW/”C from SS'C to 85°C ceramic "J" package: —12 mW/°C from 100°C to 125°C 
Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh. and Vol) occur for HC at 4.5V^Thus the 4.5V values should be used when 
designing with this suppiy. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current 
(l|N. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl= 15 pF, tr = tf = 6 ns 


Symboi 

Parameter 

fMAX 

Maximum Operating Frequency 

tPHL. tpLH 

Maximum Propagation 

Delay Clock to Q 4 

tpHL. tpLH 

Maximum Propagation 

Delay Reset to Any Q 

tREM 

Minimum Reset 

Removal Time 

tw 

Minimum Pulse Width 


Conditions Typ 


Typ 

Guaranteed 

Limit 

Units 

40 

20 

MHz 

40 

55 

ns 

16 

40 

ns 

10 

20 

ns 

10 

16 

ns 



AC Electrical Characteristics 


Vcc = 2.0V to 6.0V, Cl= 50 pF, tr=tf =6 ns (unless otherwise specified) 


Symbol 

Parameter 

♦max 

Maximum Operating 
Frequency 

tpHL. tpLH 

Maximum Propagation 
Delay Clock to Q 4 

tpHL 

Maximum Propagation 
Delay Reset to Any Q 

tREM 

Minimum Reset 

Removal Time 

tw 

Minimum Pulse Width 

tr.tf 

Maximum Input Rise and 
Fall Time 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 6 ) 

C|N 

Maximum Input 
Capacitance 



Ta= 

25°C 

Ta74HC 

Ta=- 40 to 85°C 

Ta54HC 

Ta= -55to125'’C 

Typ 

Guaranteed Limits 

10 i 

n 

3 

3 

40 1 


16 

13 

50 

El 

19 

16 

120 

300 

375 

450 

42 

35 

m 

75 

59 

90 

62 

72 

240 

302 

358 

24 

48 

60 

72 

20 I 

41 

51 

61 









(per package) 


Note 5: Typical Propagation delay time to any output can be calculated using: tp 17+12(N-1) ns: where N is the number of the output, Qw, at Vcc=5V. 
Note 6: CpQ determines the no load dynamic power consumption, Pq = Cpo Vcc* t+lcc Vcc. ^rid the no load dynamic current consumption. 
Is = CpD Vcc t + Icc- 

Note 7: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


PRELIMINARY 



MM54HC4066/MM74HC4066 Quad Analog Switch 


General Description 

These devices are digitally controlled analog switches utiliz- 
ing microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. These switches have low "on" resistance and low 
"off” leakages. They are bidirectional switches, thus any 
analog input may be used as an output and visa-versa. Also 
the ’4066 switches contain linearization circuitry which low- 
ers the “on" resistance and increases switch linearity. The 
'4066 devices allow control of up to 12V (peak) analog sig- 
nals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low. All analog inputs and outputs and digital inputs 
ate protected from electrostatic damage by diodes to Vcc 
and ground. 


Features 

■ Typical switch enable time: 15 ns 

■ Wide analog input voltage range: 0-12V 

■ Low "on" resistance: 30 typ. (’4066) 

■ Low quiescent current: 80 p.A maximum (74HC) 

■ Matched switch characteristics 

■ Individual switch controls 


Connection Diagram „ . Truth Table 

Dual-ln-Line Package 



11/0 10/1 20/1 21/0 2CTL 3CTL GND 

TOP VIEW TL/F/5350-1 

MM54HC4066/MM74HC4066 

54HC4066 (J) 74HC4066 (J,N) 

Schematic Diagram 
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MM54/74HC4066 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 1 5V 

Decontrol Input Voltage (V|n) -1.5 to Vcc+1-5V 

DC Switch I/O Voltage {V|o) Vee- 0.5 to Vcc + 0.5V 

Clamp Diode Current (Iik, Iqk) 

DC Output Current, per pin (Iqui) 

DC Vcc or GND Current, per pin (Icc) 

Storage Temperature Range (Tstg) 

Power Dissipation (Po) (Note 3) 

Lead Temperature (TJ (Soldering 10 seconds) 


±20 mA 
±25 mA 
±50 mA 
-65°Cto ±150‘’C 
500 mW 
260‘'C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC .-55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc = 4.5V 
Vcc = 9.0V 


Max 

Units 

12 

V 

Vcc 

V 


+ 85 

°C 

+ 125 

°C 

1000 

ns 

500 

ns 

400 

ns 


DC Eiectricai Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25'>C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 

BBS 

Guaranteed Limits 

V|H 

Minimum High Level 



■ 

. 1.5 

1.5 

1.5 

n 


Input Voltage 



■ 

3.15 

3.15 

3.15 

WM 





■ 

6.3 

5.3 

6.3 

V 




12.0 V 1 

■ 

8.4 

8.4 

8.4 


V|L 

Maximum Low Level 



■ 

0.3 

0.3 

0.3 

n 


Input Voltage 



■ 

0.9 

0.9 

0.9 

■I 





■ 

1.8 

1.8 

1.8 





12.0V 

■ 

2.4 

2.4 

2.4 

■■ 

Ron 

Maximum “ON" Resistance 

VctL“V|h. Is= 10 mA 

4.5V 


■ 



ft 


(See Note 5) 

V|s = VcctoGND 

9.0V 





ft 



(Figure 1) 

12.0 





ft 





120 

■ 



ft 



VctL“V|h. Is“'* 0 


50 




ft 



V|g=VccorGND 


35 




ft 



(Figure 1) 

1 12.0V 1 

20 




ft 

Ron 

Maximum “ON” Resistance 

Vctl=V|h 


m 

■ 



ft 


Matching 

V|S ~ Vcc to GND 


5 

■ 



ft 




12.0V 

5 




ft 

•in 

Maximum Control 

V|N“VccorGND 



±0.1 

•±1.0 

±1.0 

(j,A 


Input Current 

< 

o 

o 

II 

fO 

a> 

< 







•iz 

Maximum Switch “OFF” 

Vos = Vcc or GND 


10 

■ 



nA 


Leakage Current 

V|s= GND or Vcc 

|gl 

15 




nA 



Vctl=V|l (Figure 2) 

1 12.0 V 

20 




nA 

•iz 

Maximum Switch "ON” 

Vos = Vcc or GND 


10 

m 



nA 


Leakage Current 

VcTL = V|h 


15 




nA 



(Figure 3) 

1 12.0V 

20 




nA 

•cc 

Maximum Quiescent 

V|N = Vcc or GND 


■ 


20 

40 

JU.A 


Supply Current 

•out^OF'A 


■ 


80 

160 

)u.A 




1 12.0V 

■ 

1 16.0 

160 

320 

jxA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from 65°C to 85°C; ceramic “J" package: -12 mW/°C from 
100”C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case on resistance (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with this 
supply. Worst case Vm and V|l occur at Vcc “5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS at 
the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc”Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 

Vcc=2.0V-6.0V Vee = 0\/-6V, Cl = 50 pF (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25X 

Typ 


tpHL. tPLH 

Maximum Propagation 


2.0V 

25 

50 


Delay Switch In to 


4.5V 

5 

10 


Out 


9.0V 

4 

8 




12.0V 

3 

7 

tpZL. tpZH 

Maximum Switch Turn 

Rl=i kn 

2.0V 

32 

80 


“ON" Delay 


4.5V 

8 

16 




9.0V 

6 

14 




12.0V 

5 

12 

tpHZ. tPLZ 

Maximum Switch Turn 

Rl = 1 kfl 

2.0V 

45 

150 


“OFF” Delay 


4.5 V 

15 

30 




9.0V 

10 

20 




12.0 V 

8 

16 

^MAX 

Minimum Switch 



WSi 

■ 


Frequency Response 



HI 



201og(V|/Vo) = 3dB 


mu 

mi 



Cross Talk Control (Figure?) 

to Switch 

Cross Talk Between (Figure 8) 

Any Two Switches 
(Frequency at -50 dB) 

Crosstalk, Switch 
Input to Switch Output 
(Frequency at -50 dBi 


4.5V 

4.5V 


180 


C|N Maximum Control 

Input Capacitance 

C|N Maximum Switch Input 


5 10 

15 



1 Input Capacitance 



C|N 1 

Maximum Feedthrough 


5 



74HC 

54HC 


Ta= -40 to 85°C 

Ta= -55to125"C 

Units 

Guaranteed Limits 




ns 

13 

15 

ns 

10 

12 

ns 

9 

11 ' 

ns 

100 

120 

ns 

20 

24 

ns 

18 

21 

ns 

15 

18 

ns 

187 

225 

ns 

38 

45 

ns 

25 

30 

ns 

20 

24 
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MM54/74HC4066 


AC Test Circuits and Switching Time Waveforms 



Vot-VccORGND 


TL/F/5369-4 


TL/F/5355-3 

FIGURE 1. “ON” Resistance 


FIGURE 2. “OFF” Channel Leakage Current 




TL/F/5369-5 


FIGURE 3. “ON” Channel Leakage Current 



TL/F/5355-6 

FIGURE 4. tpHLi tpLH Propagation Delay Time Signal Input to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 


CONTROL Vcc 
V|S-Vcc I/O switches 

JNL -Let 

-r-50pF 


FIGURE 6. tp2H< tpHZ Propagation Delay Time Control to Signal Output 







FIGURE 7. Crosstalk: Control Input to Signal Output 


Vism 





FIGURE 8: Crosstalk Between Any Two Switches 


Typical Performance Characteristics 


Typical “On” Resistance 
vs. Input Voltage (’4066) 


iiiimiarai 


iiiiBsssai 

I — 1 


-6 -4 -2 0 2 4 6 

INPUT VOLTAGE (VOLTS) 
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MM54/74HC4075 


National 

Semiconductor 


MM54HC4075/MM74HC4075 Triple 3-Input OR Gate 

Features 

■ Typical propagation delay: 11 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 20 pA maximum (74HC series) 

■ Low input current: 1 p,A maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 

Dual-In-Line Package 


Generai Description 

These OR gates utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to achieve operating speeds simi- 
lar to LS-TTL gates with the low power consumption of stan- 
dard CMOS integrated circuits. All gates have buffered out- 
puts, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC/74HC logic family is functional- 
ly as well as pin-out compatible with the standard 54LS/ 
74LS logic family. The 54HC4075/74HC4075 is functionally 
equivalent and pin-out compatible with the CD4075B and 
MC14075B metal gate CMOS devices. All inputs are pro- 
tected from damage due to static discharge by internal 
diode clamps to Vcc and ground. 





TOP VIEW TL/F/5155-1 

MM54HC4075/MM74HC4075 

54HC4075 (J) 74HC4075 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ^ 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (f J (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range (Ta) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 
Vcc 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 



Ta=25X 


Typ 


TA=- 40 to 85 '’C I TA=- 55 to 125 '’C | Units 



Guaranteed Limits 

1.5 

1.5 


1.5 

3.15 

3.15 


3.15 



V|N = V|H orViL 
|IoutI^20 fiA 


V|N = V|H orViL 
|IoutI^ 4.0 mA 
iloUTl^5.2 mA 


V|N = V|H orViL 
I•OUTI^20 fiA 


V|N = V|h or V|L 
|IoutI^ 4.0 mA 
il0UTl^5.2 mA 


ViN = VccorGND 6.0V 


Iout=0fA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and Vn. occur at Vcc “ 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HC4075 


AC Electrical Characteristics 

Vcc=5V, Ta=25'’C, Cl= 15 pF, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tpLH 

Maximum Propagation 
Delay 


11 

20 

ns 


AC Eiectrical Characteristics 

Vcc=2.0V to 6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25"C 

74HC 

Ta=-40 to 85°C 

54HC 

Ta=- 55 tOl25°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 


wm 

40 

115 

145 

171 

WM 


Delay 



12 

23 

29 

34 

mm 





10 

20 

25 

29 

ns 

tTLH. tTHL 

Maximum Output 


EM 

30 

75 

95 

110 

ns 


Rise arid Fall 


DSi 

10 

15 

19 

22 

ns 


Time 



9 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 

n 

30 




pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Pd=Cpo Vcc^ f+lcc Vcc. arid the no load dynamic current consumption, 
ls=CpD Vcc f+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HC4078/MM74HC4078 8-Input NOR/OR Gate 



General Description 

These NOR gates utilize microCMOS Technology, 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. Both outputs are buff- 
ered, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC4078/74HC4078 is functionally 
equivalent and pin-out compatible with the CD4078B. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

■ Typical propagation delay: 15 ns 

■ Wide power supply range: 2-6\/ 

■ .Low quiescent current: 20 jxA maximum (74HC series) 

■ Low input current: 1 juA maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-ln-Llne Package 


Vcc 



MM54HC4078/MM74HC4078 
54HC4078 (J) 74HC4078 (J,N) 


Logic Diagram 

y=A+B+C+D+E+F+Q+H 

K=7 



TL/F/5135-2 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (Vcc) 

- 0.5 to -F 7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 toVcc+1.5V 

Supply Voltage (Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) ‘ 

-0.5toVcc+0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k> Iqk) 

±20 mA 

(Vin.Vqut) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range (Ta) 
MM74HC -40 

-f-85 

•c 

DC Vcc Of GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

•c 

Storage Temperature Range (Tstg) 

-65‘’Cto +150'’C 

Input Rise or Fall Times 




Power Dissipation (Pc) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead Temperature (Ti) (Soldering 10 seconds) 260°C 

Vcc=4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25X 

74HC 

Ta=- 40 to 85'C 

54HC 

Ta= -55 to125°C 

Units 









Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 




1.5 

1.5 

1.5 

V 


Input Voltage 




3.15 

3.15 

3.15 

V 






4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 




0.3 

0.3 

0.3 

V 


Input Voltage 




0.9 

0.9 

0.9 

V 






1.2 

1.2 

1.2 

V 

VoH 

Minimum High Level 

V|N = V|H orV|L 

Mi 







Output Voltage 

|IoutI^20 {lA 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|N = V|HOrV|L 
|IoutI^ 4.0 mA 


4.2 

3.98 


3.7 

V 



||outI^ 5.2 mA 

BO 

5.7 

5.48 

mmigQiiimi 

5.2 

V 

VoL 

Maximum Low Level 

V|N = V|H orViL 

mil 







Output Voltage 

|IoutI^ 20 fxA 


0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 





0 

0.1 

0.1 

0.1 

V 



V|N = V|HOrV|L 
|IoutI^ 4 mA 

4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^ 5.2 mA 

6.0V 

0.2 

0.26 

0.33 

0.4 

V 

l|N 

Maximum Input 
Current 

V|N — Vcc Of GND 

6.0V 


±0.1 

±1.0 

±1.0 

IxA 

icc 

Maximum Quiescent 

V|N~ Vcc Of GND 

6.0V 


WB9 

20 

40 

HA 


Supply Current 

*OUT=0 pA 



■m 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ali voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh> Stnd Vql) occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case Vih and V|l occur at Vcc = 5.5V and 4.5V respectively.' (The V|h value at 5.5V is 3.85V.) The worst case ieakage current (I|n, 
ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics mm54hc4078/mm74hc4078 

Vcc=5V, Ta = 25°C, Cl= 15 pF, tr=tf=6 ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation 
Delay, Y to Output 


14 

22 

ns 

tPHL. tpLH 

Maximum Propagation 
Delay, K to Output 


16 

24 

ns 


AC Electrical Characteristics 

Vcc = 2.0V to e.OV, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Units 




Typ 

Guaranteed Limits 


tPHL. tpLH 

Maximum Propagation 



47 

130 

160 

195 

ns 


Delay, Y to Output 



17 

26 

33 

39 

ns 





14 

22 

28 

33 

ns 

tpHL. tpLH 

Maximum Propagation 


2.0V 


140 

175 

210 

ns 


Delay, K to Output 


4.5V 


28 

35 

42 

ns 




6.0V 

17 

24 

30 

36 

ns 

tTLH. tTHL 

Maximum Output 


2.0V 

30 

75 

95 

110 

ns 


Rise and Fall 


4.5V 

10 

15 

19 

22 

ns 


Time 


6.0V 

9 

13 

16 

19 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per package) 

■ 

100 




pF 

ClN 

Maximum Input 
Capacitance 


■ 

5 

10 

10 

10 

pF 


Note S: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc^ t+lcc Vcc. dhd the no load dynamic current consumption, 
ls = CpD Vcc t+'cC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HC4316 



National 

Semiconductor 


MM54HC431 6/MM74HC431 6 

Quad Analog Switch with Level Translator 


PRELIMINARY 



microCMOS 


General Description 

These devices are digitally controlled analog switches im- 
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on” resist- 
ance and low "off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Three supply pins are provided on the ’4316 
tq implement a level translator which enables this circuit to 
operate with 0-6V logic levels and up to ±6V analog switch 
levels. The '4316 also has a common enable input in addi- 
tion to each switch’s control which when low will disable all 
switches to their off state. All analog inputs and outputs and 
digital inputs are protected from electrostatic damage by 
diodes to Vcc and ground. 


Features 


■ Typical switch enable time; 20 ns 

■ Wide analog input voltage range: ±6V 

■ Low "on” resistance: 50 typ. (Vcc-Vee = 4-5V) 

30 typ. (Vcc-Vee = 9V) 

■ Low quiescent current: 80 juA maximum (74HC) 

■ Matched switch characteristics 

■ Individual switch controls plus a common enable 


Connection Diagram 

Dual-ln-Llne Package 
Vcc 1 CTL 4Cn 41/0 40/1 30/1 31/0 Vee 



MM54HC4316/MM74HC4316 
54HC431 6 (J) 74HC431 6 (J,N) 


Truth Tabie 


Inputs 

Switch 

En 

CTL 

l/O-O/l 


X 

“OFF” 


L 

"OFF” 

'Hi 

H 

“ON” 


Logic Diagram 
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Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

Supply Voltage (Vee) + 

DC Control Input Voltage (V|n) -1.5 

DC Switch I/O Voltage (Vjo) Vee“0.51 

Clamp Diode Current {I|k. Iqk) 

DC Output Current, per pin (Iqut) 

DC Vcc or GND Current, per pin (Icc) 

Storage T emperature Range (T stg) “ 65' 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (Tl) (Soldering 10 seconds) 


-0.5 to +7.5V 
+ 0.5 to -7.5V 
-1.5 to Vcc + 1.5V 
Vee “0-5 ^0 Vcc + 0.5V 
±20 mA 
±25 mA 
;) ± 50 mA 

-65‘C to +150‘‘C 
500 mW 
I seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 

Input Voltage 

V|L 

Maximum Low Level 

Input Voltage 

Ron 

Minimum “ON” Resistance 
(See Note 5) 

Ron 

Maximum “ON” Resistance 
Matching 

l|N 

Maximum Control 

Input Current 

l|Z 

Maximum Switch “OFF” 
Leakage Current 

l|Z 

Maximum Switch “ON” . 
Leakage Current 

•cc 

Maximum Quiescent 

Supply Current 


Conditions 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

Supply Voltage(VEE) 0 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 2.0V 

, Vcc = 4.5V 
Vcc = 6.0V 


^ 74HC 54HC 

^ TA=-40to85”C TA=-55to125'C 




V|S=^CC to '^EE 
(Figure 1 ) 

GND 

-4.5 V 
-6.0V 


GND 


GND 

^is=Vqq to Vee 

-4.5V 

(Figure 1) 

-6.0V 

VcTL = V|h 

GND 

V|s = Vcc to GND 

-4.5V 

-6.0V 

V|N = Vcc or GND 

■ 

VoS“ Vcc or GND 

GND 

V|s = GND or Vcc 
VcTL = ViL(Fig2) 

-6.0V 

Vos ~ Vcc or GND 

GND 

Vctl = V|h 
(F igure 3) 

-6.0V 

V|N ~ Vcc or GND 

GND 

Iout= 0 ftA 

-6.0V 



Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package; -12 mW/'C from 65°C to SS'C; ceramic "J” package; -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±1 0% the worst case on resistances (Rqn) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current occurs for CMOS 
at the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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MM54/74HC4316 


AC Electrical Characteristics 


\/cc = 2.0\/-6.0V, Vee=0V-6V Cl =50 pF (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Vee 

Vcc 

Ta= 

25°C 

74HC 

Ta=- 40 to SST 

54HC 

Ta=- 55 to125°C 

Units 









1 

Typ 


Guaranteed Limits | 


tPHL. tPLH 

Maximum Propagation 


GND 


25 

50 

38 

75 

ns 


Delay Switch In to 


GND 


' 5 

10 

13 

15 

ns 


Out 


-4.5V 

4.5V 

4 

8 

10 

12 

ns 




-6.0 V 

6.0V 

3 

7 

9 

10 

ns 

tpZL- tpZH 

Maximum Switch Turn 

Rl=i kn 

GND 

2.0V 

32 

165 

206 

250 

.ns 


“ON” Delay 


GND 

4.5V 

8 

35 

43 

53 

ns 




-4.5 V 

4.5V 

6 

30 

37 

45 

ns 



, 

-6.0 V 

6.0V 

5 

28 

35. 

42 

ns 

tPHZ. tPLZ 

Maximum Switch Turn 


GND 

2.0V 

45 

165 

206 

250 

ns 


“OFF” Delay 


GND 

4.5V 

15 

35 

43 

53 

ns 




-4.5V 

4.5V 

10 

30 

37 

45 

ns 




-6.0V 

6.0V, 

8 

28 

35 

42 


^MAX 

Minimum Switch 


GND 

4.5V 





MHz 


Frequency Response 
20log(V|/Vo) = 3dB 


-4.5V 

4.5V 

^^9 




MHz 


Cross Talk Control 
to Switch 

(Figure 7) 

-4.5 V 

4.5V 

180 




mVp.p 


Cross Talk Between 

Any Two Switches 
(Frequency at -50 dB) 

(Figure 8) 

-4.5 V 

4.5V 

1 

1 



MHz 


Crosstalk, Switch 

Input to Switch Output 
(Frequency at -50 dB) 


■ 

■ 

■ 

■ 



MHz 

C|N 

Maximum Control 

Input Capacitance 




5 

10 

10 

10 

pF 

C|N 

Maximum Switch 

Input Capacitance 

Input 

■ 


15 




pF 

C|N 

Maximum Feedthrough 
Capacitance 

Vctl=GND 

■ 


5 

i 



pF 
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AC Test Circuits and Switching Time Waveforms 



Vot-VccORGND 


TL/F/5369-4 


TL/F/S369-3 

FIGURE 1. “ON” Resistance 


FIGURE 2. “OFF” Channel Leakage Current 




TL/F/5355-6 

FIGURE 4. tpHb tpLH Propagation Delay Time Signal Input to Signal Output 



TL/F/5355-7 

FIGURE 5. tpzLi tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/5355-8 

FIGURE 6. tpzHi tpHZ Propagation Delay Time Control to Signal Output 



FIGURE 7. Crosstalk: Control Input to Signal Output 


TL/F/5355-9 



FIGURE 8: Crosstalk Between Any Two Switches 


Typical Performance Characteristics 


Typical “ON” Resistance 
Vs. Input Voltage 



INPUT VOLTAGE (VOLTS) 

Vcc--Vee 

TL/F/5369-17 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 

MM54HC4351/MM74HC4351 

8 Channel Analog Multiplexer with Latches 

MM54HC4352/MM74HC4352 

Duai 4 Channei Anaiog Multiplexer with Latches 

MM54HC4353/MM74HC4353 

Tripie 2 Channel Analog Multiplexer with Latches 


General Description 

These multiplexers are digitally controlled analog switches 
implemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low “on” resist- 
ance and low "off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir- 
cuitry which lowers the "on” resistance and increases 
switch linearity. These devices allow control of up to ±6V 
(peak) analog signals with digital control signals of 0 to 6V. 
The analog channel select lines are latched to enable stor- 
age of the selected channel. This storage register is com- 
posed of flow through latches that follow the data when LE 
is high and latch the data when LE is taken low. 

Three supply pins are provided for Vcc. Ground, and Vee- 
This enables the connection of O-SV logic signals when 
Vcc = 5V and an analog input range of ±5V when 
Vee= -5V. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed from electrostatic damage by diodes to Vcc and ground. 
MM54HC4351/MM74HC4351 : This device connects together 
the outputs of 8 switches, thus achieving an 8 channel multi- 
plexer. The binary code placed on the A, B, and C select lines 
determine which one of the eight switches is “on”, and 
connects one of the eight inputs to the common output. 
MM54HC4352/MM74HC4352; This device connects to- 
gether the outputs of 4 switches in two sets, thus achieving 


a pair of 4 channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is “on”, connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4 channel differential multiplexer. 
MM54HC4353/MM74HC4353: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of a single-pole-double throw configuration. Each 
of the A, B, or C select lines independently controls one pair 
of switches, selecting one of the two switches to be “on”. 

Features 

■ Typical Switch Enable Time: 18 ns 

■ Wide analog Input voltage range: ±6V 

■ Low “on” resistance: 50 typ. {Vcc“ Vee = 4.5V) 

30 typ. (Vcc-Vee = 9V) 

■ Logic level translation to enable 5V logic with ± 5 ana- 
log signals 

a Low quiescent current: 80 fxA max. (74HC) 
o Matched Switch characteristics. 

■ Latched Select Lines to enable interface to multiplexed 
data buses. 


Connection Diagrams 


Vcc Y2 Y1 YO Y3 A B C U 

lit I IT 1 16 lit 1 14 1 13 I IT 111 1 10 


Dual-In-Line Package 

Vcc TX U COMX OX 3X X . ■ if 

111 1 17 lie lit 1 14 1 13 |lT 111 I 10 


Vcc COMI COMA AY AX A B C LE 

I It I 17 I 16 1 15 1 14 lit |l2 111 111 



■MBH 


h h h \* I* I' I* l> 

|1 |T 13 |4 |5 |t |7 |t |9 

|1 |T |3 |. |5 |6 |7 |t |9 

Y4 Y6 COM Y5 Y7 INH INH Vee GND 

or TV CONY 3Y 1Y IMH INH Vee GNO 

BY BX CY COMC CX INH INH Vee GND 

TL/F/5372-1 

TL/F/5372-2 

TL/F/5372-3 

MM54HC4351/MM74HC4351 

MM54HC4352/MM74HC4352 

MM54HC4353/MM74HC4353 

54HC4351 (J) 74HC4351 (J,N) 

54HC4352(J) 74HC4352 (J,N) 

54HC4353 (J) 74HC4353 (J,N) 
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MM54/74HC4352/53 


Absolute Maximum Ratings (Notes 1 and 2} 

Supply Voltage (Vcc) 

Supply Voltage (Vee) 

DC Control Input Voltage (V|n) 

DC Switch I/O Voltage (Vio) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vqc or GND Current, per pin (Ice 
Storage Temperature Range (Tstg) 

Power Dissipation (Pq) (Note 3) 

Lead Temperature (Tl) (Soldering 10 seconds) 


Operating Conditions 


-0.5 to +7.5V 


Min 

Max 

Units 

+ 0.5 to -7.5V 

Supply Voltage(Vcc) 

2 

6 

V 

-1.5toVcc+1.5V 

Supply Voltage(VEE) 

0 

-6 

V 

VEE-0.5toVcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vqut) 




±25 mA 

Operating Temperature RangefTA) 



MM74HC 

-40 

+ 85 

'C 

;) ±50mA 

MM54HC 

-55 

+ 125 

°c 

-65'’Cto +150°C 

Input Rise or Fall Times 




500 mW 

■ (tr.tf) Vcc=2.0V 


1000 

ns 

) seconds) 260'’C 

Vcc = 4.5V 


500 

ns 

Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symboi 

Parameter 

Conditions 

Vee 

Vcc 

T= 

25°C 

74HC 

T=-40to 85°C 

5,4HC 

T= -55 tOl25°C 

Units 

BH 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0V 

■ 

1.5 

1.5 

1.5 

V 


Input Voltage 



4.5V 

■ 

3.15 

3.15 

3.15 

V 






■ 

4.2 

4.2 

4.2 

V 

V|L 

Maximum Low Level 




■ 


0.3 

0.3 

n 


Input Voltage 



4.5V 

■ 


0.9 

0.9 

n 




■1 

6.0V 

■ 

19 

1.2 

1.2 

n 

Ron 

Maximum “ON" Resistance 

Vctl=V|(-|, Is= 1-0 mA 

GND 

4.5V 

la 

■ 



n 


(See Note 5) 

yis=Vcc to Vee 

-4.5 V 

4.5V 

19 




n 



(Figure 1 1 

-6.0V 

6.0 

m 

■ 



n 




GND 

BBH 

IBfii 

■ 



n 



Vctl=V|h. Is= 10 fTiA 

GND 

4.5V 

40 

■ 



n 



Vis=Vcc to Vee 

-4.5 V 

4.5V 

20 




n 



(Figure 1) 

-6.0 V 

6.0V 

15 

■ 



n 

Ron 

Maximum “ON" Resistance 

VcTL = V|h' 

GND 

4.5V 

m 

■ 



n 


Matching 

V|s = VcctoGND 

-4.5V 

4.5V 

5 




(1 




-6.0 V 

6.0V 

5 

■ 



n 

l|N 

Maximum Control 

V|[\| = Vcc orGND 


6.0V 


±0.1 

±1.0 

±1.0 

JU.A 


Input Current 









liz 

Maximum Switch "OFF" 

Vos ~ Vcc orGND 

GND 

6.0V 

15 

■ 



nA 


Leakage Current 

V|s=GNDorVcc 

-6.0V 

6.0V 

20 




nA 



VcTL=V|L(Fig. 2) 


♦ 


■ 




liz 

Maximum Switch "ON” 

Vos = Vcc or GND 

GND 

6.0V 

15 

■ 



nA 


Leakage Current 

VctL= V|H 

-6.0 V 

6.0V 

20 




nA 



(Figure 3) 




■ 




■cc 

Maximum Quiescent 

V|N=VccorGND 

GND ' 

6.0V 


8.0 

80 

160 

juA 


Supply Current 

IoUT=0fA 

1 

01 

b 

< 

6.0V 


16 

160 

320 

}iA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/’C from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
lOO-C to 125'’C. 

Note 4: For a power supply of 5V ±10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Vm and V|l occur at Vcc=5-5V and 4.5V respectively. (The Vjh value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS 
at the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc'Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 

Vcc = 2.0V-6.0V, Vee = OV to -6V, Cl = 50 pF, (unless otherwise specified) 



tpHL. tpLH Maximum Propagation 
Delay Switch In to 
Out 


tpzb *PZH Maximum Switch T urn 
“ON” Delay 


tpHZ. tPLZ Maximum Switch T urn 
“OFF” Delay 


Maximum Setup Time, 
Data to LE 


Maximum Hold Time, 
LE to Data 


Minimum Switch 
Frequency Response 
20log{V|/Vo)=-3dB 


Cross Talk Control 
to Switch 


Cross Talk Between 
Any Two Switches 
(Frequency at -50 dB) 








Maximum Control 
Input Capacitance 


Maximum Switch 
Input Capacitance 


Maximum Feedthrough 
Capacitance 



Input 

'4351 Common 
'4352 Common 
'4353 Common 



1-405 


MM54/74HC4351/ 

MM54/74HC4352/53 










































































MM54/74HC4351 

MM54/74HC4352/53 
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Logic Diagrams (Continued) 


Inh 

Inh 

LE 

C 

B 

A 

“On” Channel 

H 

X 

X 

X 

X 

X 

None 

X 

L 

X 

X 

X 

X 

None 

L 

H 

H 

L 

L 

L 

YO 

L 

H 

H 

L 

L 

H 

Y1 

L 

H 

H 

L 

H 

L 

Y2 

L 

H 

H 

L 

H 

H' 

Y3 

L 

H 

H 

H 

L 

L 

Y4 

L 

H 

H 

H 

L 

H 

Y5 

L 

H 

H 

H 

H 

L 

Y6 

L 

H 

H 

H 

H 

H 

Y7 

L 

H 

L 

X 

X 

X 

Last Selected Channel “On” 

X 

X 

i 

X 

X 

X 

Selected Channel Latched 


"On” Channels 




"On” Channels 


XXX 

XXX 

L L L 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H 

XXX 

XXX 


C 

1 

A 

None 

None 

CX 

BX 


cx 

BX 


CX 

BY 


cx 

BY 

AY 

CY 

BX 

AX 

CY 

BX 

AY 

CY 

BY 

AX 

CY 

BY 

AY 


Last Selected Channels “On” 
Selected Channels Latched 


Typical Performance Characteristics 


Typical “On” Resistance 
vs. Input Voltage 



-6 -4 -2 0 2 4 

INPUT VOLTAGE (VOLTS) 
Vcc=-Vee 
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AC Test Circuits and Switching Time Waveforms 



TL/F/5372-8 


FIGURE 1. “ON" Resistance 


FIGURE 2, “OFF” Channel Leakage Current 



TL/F/5372-10 

FIGURE 3. “ON” Channel Leakage Current 



TL/F/5372-11 

FIGURE 4. tpHLi tpLH Propagation Delay Time Signal Input to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 


Vcc 

1 



CONTROL Vcc 






i/n n/i 

SWITCH 

Ve£ 

J-c, 

W 'Vos 

s Rl 


— T—50 pF 

I" 




FIGURE 6. tpzHi tpHZ Propagation Delay Time Control to Signal Output 
Vcc 


CONTROL Vcc 

V.s| ,n/0UT OUT/IN 

> Riu GND 



R|^ Cl 

60011 —7— 50 pF 




FIGURE 7. Crosstalk: Control Input to Signal Output 


Vctmi-vcc — 

600n 


CONTROL Vcc 

IN/OUT " f Voidi 

SWITCH I 

VEE ^ R,^ 

? 60011 


' CONTROL Vcc 

ViK!)-”! '"'‘’“^SWITCH 

I vee 

5 60011 ■ ] 



FIGURE 8: Crosstalk Between Any Two Switches 
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MM54/74HC4514 



National 

Semiconductor 


MM54HC4514/MM74HC4514 
4-to-16 Line Decoder with Latch 


PRELIMINARY 



microCMOS 


General Description 

This utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS decoder, which is well suited to memory 
address decoding or data routing application. It possesses 
high noise immunity and low power dissipation usually asso- 
ciated with CMOS circuitry, yet speeds comparable to low 
power Schottky TTL circuits. It can drive up to 10 LS-TTL 
loads. 

The MM54HC4514/MM74HC4514 contain a 4-to-16 line de- 
coder and a 4-bit latch. The latch can store the data on the 
select inputs, thus allowing a selected output to remain high 
even though the select data has changed. When the LATCH 
ENABLE input to the latches is high the outputs will change 
with the inputs. When LATCH ENABLE goes low the data 
on the select inputs is stored in the latches. The four select 
inputs determine which output will go high provided the 


INHIBIT input is low. If the INHIBIT input is high all outputs 
are held low thus disabling the decoder. 

The MM54HC4514/MM74HC4514 is functionally and pinout 
equivalent to the CD451 4BM/CD451 4BC and the MCI 451 BA/ 
MC1451 BC. All inputs are protected against damage due to 
static discharge diodes from Vqc and ground. 

Features 

■ Typical propagation delay: 18 ns 

■ Low quiescent power: 80 jttA maximum (74HC series) 

■ Low input current: 1 fxA maximum 

■ Fanout of 10 LS-TTL loads (74HC series) 


Connection Diagram 


Truth Table 


Dual-ln-Llne Package 
INPUTS OUTPUTS 



STROBE IN A IN B S7 SB SB S4 S3 St S2 SO Vss 

INPUTS OUTPUTS 

TOP VIEW TL/F/5215-1 

MM54HC4514/MM74HC4514 

. 54HC4514(J) 74HC4514(J,N) 


LE 

Inhibit 

Data Inputs 

Selected 

Output 

High 

D 

C 

B 

A 

H 

mm 

B 

B 

B 

n 

SO 

H 

B 

n 

B 

H 

D 

SI 

H 

B 

n 

B 

H 

B 

S2 

H 

B 

H 

B 

□ 

□ 

S3 

H 

n 

B 

H 

L 

n 

S4 

H 

■■ 

B 

H 

L 

D 

S5 

H 

B 

B 

H 

H 

u 

S6 

H 

B 

B 

H 

H 

Q 

S7 

H 

L 

H 

L 

L 

L 

S8 

H 

L 

H 

L 

L 

H 

S9 

H 

L 

H 

L 

H 

L 

S10 

H 

L 

H 

L 

H 

H 

S11 

H 

mm 

H 

H 

L 

n 


H 

■■ 

H 

H 

L 

u 

msm 

H 

B 

H 

H 

H 


• S14 

H 

B 

H 

H 

H 

B 

SI 5 

X 

H 

1 


1 

X 

All 

Outputs =0 

■ 

■ 

1 

X 

X 

X 

Latched 

Data 
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Absolute Maximum Ratings (Notes i and 2 ) Operating Conditions 


Supply Voltage (Vcc) 

-0.5 to +7.0V 


Min 

Max 

Units 

DC Input Voltage (V|n) 

-1.5 to Vcc + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

DC Output Voltage (Vqut) 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (I|k. Iqk) 

±20 mA 

(Vin.Vout) 




DC Output Current, per pin (Iqut) 

±25 mA 

Operating Temperature Range(TA) 
MIVI74HC -40 

, +85 

°c 

DC Vcc c GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

-65°Cto +150“C 

Input Rise or Fall Times 




Power Dissipation (Pq) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 


1000 

ns 

Lead T emperature (T i ) (Soldering 1 0 seconds) 260°C 

Vcc = 4.5V 


500 

ns 



Vcc = 6.0V 


400 

ns 


DC Electrical Characteristics (Note 4) 






Ta= 

1 

25X 

74HC 

54HC 


Symboi 

Parameter 

Conditions 

Vcc 

Ta= -40 to 85X 

Ta=- 55 to125X 

Units 









Iwl 


Guaranteed Limits 


VlH 

Minimum High Level Input 



■ 


1.5 


n 


Voltage 




Bi 

3.15 






1 6.0V ! 

H 

Bi 

4.2 


V 

V|L 

Maximum Low Level Input 


M 

■ 


0.3 

0.3 

V 


Voltage 


m 

■ 

^^9 

0.9 

0.9 

V 




6.0V j 

■ 

1.2 

1.2 

1.2 

V 

Vqh 

Minimum High Level Output 

V|N = V|HorV|L 

M 







Voltage 

|IoutI^ 20 p,A 


2.0 

1.9 

1.9 

1.9 

V 





4.5 

4.4 

4.4 

4.4 

V 




6.0V 

6.0 

5.9 

5.9 

5.9 

V 



V|n = Vih orV|L 
|IoutI^ 4.0 mA 

1 

4.2 

3.98 


3.7 

■ 



1IoutI^ 5.2 mA 


5.7 

5.48 


5.2 

Lv 

Vql 

Maximum Low Level Output 

ViN = V|H orV|L 

■■ 





■i 


Voltage 

|IoutI^ 20 p,A 


0 

0.1 

0.1 

0.1 






0 

0.1 

0.1 

0.1 

n 




6.0V 1 

0 

0.1 

0.1 

0.1 




V|N = V|HOr V|L 
|IoutI^ 4.0 mA 


0.2 



0.4 

■ 



I'outI^ 5.2 mA 


0.2 



0.4 

V 

l|N 

Maximum Input Current 

ViN ~ Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

JU.A 

•cc 

Maximum Quiescent Supply 

V|N = Vcc Of GND 

6.0V 


8.0 

80 

160 

p,A 


Current 

IOUT = 0 pA 








Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/'C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125‘'C. 

Note 4; For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25°c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. fPLH 

Maximum Propagation Delay Data to Output 


18 

30 

ns 

tpHL 

Maximum Propagation Delay LE to Output 


18 

30 

ns 

tPLH 

Maximum Propagation Delay LE to Output 


24 

40 

ns 

fPHL 

Maximum Propagation Delay Inhibit to Output 


16 

30 

ns 

tPLH 

Maximum Propagation Delay Inhibit to Output 


24 

40 ' 

ns 

ts 

Minimum Set Up Time, Date to LE 



. 20 

ns 

‘H 

Minimum Hold Time, LE to Data 



5 

ns 

tH 

Minimum Pulse Width, Latch Enable 



16 

ns 


AC Electrical Characteristics Vcc = 2.0V-6.0V, Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

j 

Ta= 

25°C 

74HC 

Ta= -40 to 85X 

54HC 

Ta=- 55 to125X 

Units 

Typ 

Guaranteed Limits 

Vhl- 

Maximum Propagation 



80 

175 

220 

263 

ns 

*PLH 

Delay Data to Output 



18 

35 

44 

53 

ns 




BUM 

16 

30 

38 

45 

ns 

tpHL 

Maximum Propagation 



80 

175 


263 

ns 


Delay LE to Output 



19 

35 


53 

ns 




BtiW 

17 

30 


45 

ns 

tpLH 

Maximum Propagation 



120 

230 

290 

343 

ns 


Delay LE to Output 



27 

46 

58 

69 

ns 




Bi 

22 

39 

49 

58 

ns 

tPHL 

Maximum Propagation 



70 

. 175 

220 

263 

ns 


Delay Inhibit to Output 



18 

35 

44 

53 

ns 





16 

30 

38 

45 

ns 

tpLH 

Maximum Propagation 



120 

230 

290 

343 

ns 


Delay Inhibit to Output 


msm 

27 

46 

58 

69 

ns 





22 

39 

49 

58 

ns 

ts 

Minimum Set Up Time, 




100 

125 

150 

ns 


Data to LE 


^^9 


20 

25 

30 

ns 






17 

21 

25 

ns 

tH 

Minimum Hold Time, 


^^9 


5 

5 

5 

ns 


LE to Data 


^^9 


5 

5 

5 

ns 




Bt!9 


5 

5 

5 

ns 

tw 

Minimum Pulse Width, 


Mi 

mm 

80 

100 

120 

ns 


Latch Enable 




16 

20 

24 

ns 





m^i 

14 

17 

20 

ns 

CpD 

Power Dissipation 







pF 


Capacitance 








C|N 

Maximum Input 


■■ 

5 

10 

10 

10 

pF 


Capacitance 









Note 5: Cpo determines the no load dynamic power consumption, Po=CpD Vcc^ f+lcc Vqc. and the no load dynamic current consumption, 
ls=CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HC4538 



National 

Semiconductor 


MM54HC4538/MM74HC4538 Dual 
Retriggerable Monostable Multivibrator 



General Description 

The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators (one shots) are implemented in micro- 
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They feature speeds comparable to low power Schottky 
TTL circuitry while retaining the low power and high noise 
immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The ’HC4538 is re- 
triggerable. That is, it may be triggered repeatedly while 
their outputs are generating a pulse and the pulse will be 
extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 


put pulse equation is simply: PW=0.7{R) (C) where PW is in 
seconds, R is in Ohms, and C is in Farads. This device is pin 
compatible with the CD4528, and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 

Features 

■ Schmitt trigger on A and B inputs 

■ Wide power supply range: 2-6V 

■ Typical Trigger Propagation Delay: 32 ns 
n Fanout of 10 LS-TTL loads (74HC) 

■ Low Input current: 1 juA max 


Connection Diagram Dual-ln-Line Package Block Diagram 



TOP VIEW 


TL/F/5217-1 


MM54HC4538/MM74HC4538 


54HC4538 (J) 74HC4538 (J,N) 


Truth Table 


Inputs 

Outputs 

Clear 

A 

B 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

,X 

X 

L 

L 

H 

H 

L 

i 

JT 

T-T 

H 

t 

H 

JT. 

T-T 


H = High Level -TL = One High Levei Pulse 

L = Low Level U" = One Low Level Pulse 

t = Transistion from Low to High X = Irrelevant 

i = Transistion from High to Low 
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Absolute Maximum Ratings (Notes i and z) 

Operating Conditions 



Supply Voltage(Vcc) 

-0.5 to -t-7.0V 

Min 

Max 

Units 

DC Input Voltage(ViN) 

-1.5 to VCC + 1.5V 

Supply Voltage(Vcc) 2 

6 

V 

DC Output Voltage(VouT) 

-0.5 to Vcc + O.SV 

DC Input or Output Voltage 0 

Vcc 

V . 

Clamp Diode Current(l|K, Iqk) 

±20 mA 

(Vin.Vqut) 



DC Output Current, per pin(louT) 

±25 mA 

Operating Temperature Range(TA) 



DC Vcc or GND Current, per pin(lcc) 

±50 mA 

MM74HC -40 

MM54HC -55 

±85 

±125 

n d 

Storage Temperature Range(TsTG) 

-eS-Cto ±150‘'C 

Input Rise or Fall Times (Reset only) 



Power Dissipation(PD) (Note 3) 

500 mW 

(tr.tf) Vcc = 2.0V 

1000 

ns 

Lead TemperatureCTJ (Soldering 10 seconds) 260‘’C 

Vcc = 4.5V 

500 

ns 



Vcc = 6.0V 

400 

ns 

DC Electrical Characteristics (Note 4) 





Symbol 

Parameter 

ViH 

Minimum High Level Input 
Voltage 

ViL 

Maximum Low Level Input 
Voltage 

Vqh 

Minimum High Level Output 
Voltage 

Vql 

Maximum Low Level Output 
Voltage 

•in 

Maximum Input Current 
(Pins 2, 14) 

•in 

Maximum Input Current 
(All other pins) 

•cc 

Maximum Quiescent Supply 
Current 


"40 to 85°C I Ta= — 55 to 125°C Units 
Guaranteed Limits 


V|N = V|H0rV|L 
|IoutI^ 4.0 mA 
il0UTi^5.2 mA 


V|N = V|HorV|L 
|IoutI^20 hA 


V|N = V|H0rV|L 
houil^ 4 mA 
|louTi^5.2 mA 


V||\| — Vcc oi" GND 


V|N ~ Vcc or GND 


IOUT = 0 fiA 

Pins 2 and 14 = O.SVcc 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation Temperature Derating: Plastic "N” Package: -12mW/°C from 65°C to 85°C Ceramic "J" Package: -12mW/°C from 100°C to 125°C 
Note 4: For a power supply of 5V ±10% the worst case output voltages (Voh- arid Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vgc = 5.5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current 
(I|N. IcC' and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v, ta=25° c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Units 

fPLH 

Maximum Propagation Delay A, or B to Q 


23 

45 

ns 

tPHL 

Maximum Propagation Delay A, or B to Q 


26 

50 

ns 

tPHL 

Maximum Propagation Delay Clear to Q 


23 

45 

ns 

<PLH 

Maximum Propagation Delay Clear to Q 


26 

45 

ns 

■ tw 

Minimum Pulse Width A, B or Clear 


10 

16 

ns 


AC Electricai Characteristics Cl = 50 pF tr=tf=6 ns (Unless otherwise specified) 







Ta= 

25°C 

74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vcc 

Ta=- 40 to85°C 

Ta=- 55 to125”C 

Units 



Typ 

Guaranteed Limits 

tpLH 

Maximum Propagation 



2.0V 

100 

250 

315 

373 

ns 


Delay A, or B to Q 



4.5V 

25 

50 

63 

75 

ns 





6.0V 

21 

43 

54 

63 

ns 

tPHL 

Maximum Propagation 




110 

275 

347 

410 

ns 


Delay A, or B to Q 



4.5V 

28 

55 

69 

82 

ns 





6.0V 

23 

47 

59 

70 

ns 

tpHL 

Maximum Propagation 



2.0V 

100 

250 

315 

373 

ns 


Delay Clear to 6 



4.5V 

25 

50 

63 

75 

ns 





6.0V 

21 

43 

54 

63 

ns 

tpLH 

Maximum Propagation 



HBW 

110 

275 

347 

410 

ns 


Delay Clear to Q 



4.5V 

28 

55 

69 

82 

ns 





6.0V 

23 

47 

59 

70 

ns 

tTLH. tTHL 

Maximum Output 



2.0V 

30 

75 

95 

110 

ns 


Rise and Fall 



4.5V 

10 

15 

19 

22 

ns 


Time 



6.0V 

8 

13 

16 

19 

ns 

tr.tf 

Maximum Input 



2.0V 


1000 

1000 

1000 

ns 


Rise and Fall 



4.5V 


500 

500 

500 

ns 


Time (Reset only) 



6.0V 


400 

400 

400 

ns 

tw 

Minimum Pluse Width 



2.0V 


80 

101 

119 

ns 


A, B, Clear 



4.5V 


16 

20 

24 

ns 





6.0V 


14 

17 

20 

ns 

fWQ 

Output Pulse Width 

Cx=12pF 

Min 

3.0V 

283 

190 - 



ns 



Rx = 1 kn 


5.0V 

147 

120 



ns 




Max 

3.0V 

283 

400 








5.0V 

147 

185 




two 

Output Pulse Width 

Cx=100 pF 

Min 

3.0V 

1.2 

lllllll 



JLlS 



Rx=10 kfl 


5.0V 

1.0 




HS 




Max 

3.0V 

1.2 




JLlS 





5.0V 

1.0 




fXS 

two 

Output Pulse Width 

Cx=1000 pF 

Min 

3.0V 

10.5 

9.4 



jas 



Rx = 10kn 


5.0V 

10.0 

9.3 



JLtS 




Max 

3.0V 

10.5 

11.6 



JLlS 





5.0V 

10.0 

11.7 



JLlS 

C|N 

Maximum Input 

Capacitance (Pins 2 & 14) 



25 




pF 

C|N 

Maximum Input 

Capacitance (Other Inputs) 



5 

10 

10 

10 

pF 

CpD 

Power Dissipation 

(per one shot) 


150 




pF 


Capacitance (Note 5) 









^tWQ 

Pulse Width Match 

Between Circuits in 

Same Package 


■ 

±1 

■ 



% 



Note 5: Cpo determines the no load dynamic consumption, Pq = Cpo Vcc^f + Ice VeC’ s^d the no ioad dynamic current consumption, Is = Vec I + Icc- 


Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 



Circuit Operation 

The ’HC4538 operates as follows (refer to logic diagram). In 
the quiescent state, the external timing capacitor, Cx, is 
charged to Vcc- When a trigger occurs, the Q output goes 
high and Cx discharges quickly to the lower reference volt- 
age (Vref Lower = Vi Vcc). Cx then charges, through Rx, 
back up to the upper reference voltage (Vref Upper = % 
Vcc). at which point the one-shot has timed out and the Q 
output goes low. 

The following, more detailed description of the circuit opera- 
tion refers to both the logic diagram and the timing diagram. 

QUIESCENT STATE 

In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in logic 
diagram). 

Thus the Q output (pin 6 or 10) of the monostable multivibra- 
tor is low (#2, timing diagram). 


The output of the trigger-control circuit is low (#3), and tran- 
sistors Ml, M2, and M3 are turned off. The external timing 
capacitor, Cx, is charged to Vcc (’*^4), and the upper refer- 
ence circuit has a low output (#5). Transistor M4 is turned 
on and transmission gate T1 is turned off. Thus the lower 
reference circuit has Vcc a* 'he noninverting input and a 
resulting low output (#6). 

In addition, the output of the trigger-control reset circuit is 
low. 

TRIGGER OPERATION 

The ’HC4538 is triggered by either a rising-edge signal at 
input A (#7) or a falling-edge signal at input B (#8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high 
(#9). ■ 
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Circuit Operation (Continued) 

The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking 
the Q output of the ’HC4538 to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cx appears at the input of the 
upper reference circuit comparator). Third, transistor M4 is 
turned off and transmission gate T1 is turned on, thus allow- 
ing the voltage across Cx to also appear at the input of the 
lower reference circuit comparator. 

When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference cir- 
cuits will be high (#13). The trigger-control reset circuit goes 
high, resetting the trigger-control circuit flip-flop to a low 
state (#14). This turns transistor M3 off again, allowing Cx 
to begin to charge back up toward Vcc. with a time constant 
t = RxCx (#15). In addition, transistor M4 is turned on and 
transmission gate T1 is turned off. Thus a high voltage level 
is applied to the input of the lower reference circuit compar- 
ator, causing its output to go lovy (#16). The monostable 
multivibrator may be retriggered at any time after the trigger- 
control circuit goes low. 

When Cx charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference 
circuit goes low (#18). This causes the output latc/i to tog- 


gle, taking the Q output of the ’HC4538 to a low state (#19), 
and completing the time-out cycle. 

RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the ’HC4538 to a low state. 

The timing diagram illustrates the case in which reset oc- 
curs (#20) while Cx is charging up toward the reference 
voltage of the upper reference circuit (#21). When a reset 
occurs, the output of the reset latch goes low (#22), turning 
on transistor Ml. Thus Cx is allowed to quickly charge up to 
Vcc (*23) to await the next trigger signal. 

RETRIGGER OPERATION 

In the retriggerable mode, the ’HC4538 may be retriggered 
during timing out of the output pulse at any time after the 
trigger-control circuit flip-flop has been reset (#24). Be- 
cause the trigger-control circuit flip-flop resets shortly after 
Cx has discharged to the reference voltage of the lower 
reference circuit (#25), the minimum retrigger time, trr is a 
function of internal propagation delays and the discharge 
time of Cx: 


trr(ns) ^72 + 


Vcc(volts) • Cx(pF) 
30.5 


, at room temperature 
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POWER-DOWN CONSIDERATIONS 

Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vcc 
through the input protection diodes at pin 2 or pin 14. Cur- 
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vcc power supply must 
not be faster than t = Vcc*Cx/(30 mA). For example, if 
Vcc = 5V and Cx = 15 p,F, the Vcc supply must turn off no 
faster than t = (15V)»(15 /iF)/30 mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 

When a more rapid decrease of Vcc to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, 
use an external clamping diode, Dx, connected from Vcc to 
the Cx pin. 


Ta = 25° 

C 


/ 

r 


/ 



/ 



/ 








2 3 4 5 6 

Vcc - POWER SUPPLY VOLTAGE (V) 

TL/F/5217-5 
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MM54HCT00/74HCT00 



National 

Semiconductor 


MM54HCT00/MM74HCT00 
Quad 2 Input NAND Gate 


PRELIMINARY 



microCMOS 


General Description 

The MM54HCT00/MM74HCT00 are NAND gates fabricated 
using microCMOS Technology, 3.0 micron silicon gate N- 
well CMOS, which provides the inherent benefits of 
CMOS — low quiescent power and wide power supply range. 
These devices are input and output characteristic and pin- 
out compatible with standard DM54LS/74LS logic families. 
All inputs are protected from static discharge damage by 
internal diodes to Vcc and ground. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices, these parts are also plug in replacements for LS- 

Connection Diagram 


TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ TTL, LS pin-out and threshold compatible 

■ Fast switching: tpLH. ns (typ) 

■ Low power: 10 ^iW at DC, 2.5 mW at > 5 MHz 

■ High fan-out, 10 LS-TTL loads 


Dual-ln-Line Package 



MM54HCT00/MM74HCT00 
54HCT00 (J) 74HCT00 (J,N) 


Logic Diagram 



TL/F/5295-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) ~0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage {Vqut) “ 0.5 to Vcc + 0.5V 

Clamp Diode Current (l|K, Iqk) ± 20mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (T sjg) “ 65°C to + 1 50°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (TJ (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 4.5 5.5 V 

DC Input or Output Voltage 0 Vcc V 

(Vin.Vqut) 

Operating Temperature Range (Ta) 

MM74HCT -40 +85 'C 

MM54HCT -55 +125 'C 

Input Rise or Fall Times 

(tr, tf) 500 ns 


DC Electrical Characteristics Vcc = 5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta = 25“C 

74HCT 

Ta=-40 to 85°C 

54HCT 

Ta= -55 to125‘’C 

Units 


Guaranteed Limits 

V|H 

Minimum High Level 





2.0 

2.0 

2.0 

m 


Input Voltage 








Hi 

V|L 

Maximum Low Level 





0.8 

0.8 

0.8 

V 


Input Voltage 









VOH 

Minimum High Level 

V|N = 

V|H0rV|L 







Output Voltage 

1 

Iqut 

= 20 fiA 

Vcc 

Vcc-13 ■• 

Vcc “0.1 

Vcc -0.1 

V 



1 

■out 


4.2 

. 3.98 

3.84 

3.7 

V 



1 

■out 

= 4.8 mA, Vcc “ 5.5V 

5.7 

4.98 

4.84 

4.7 

V 

Vql 

Maximum Low Level 

V|N = 

V|H 







Voltage 

1 

•out 

= 20 fjiA 

0 

0.1 

0.1 

0.1 

V 



1 

•out 

= 4.0 mA, Vcc — 4.5V 

0.2 

0.26 

0.33 

0.4 

V 



1 

•out 

= 4.8 mA, Vcc ~ 5.5V 

0.2 

0.26 

0.33 

0.4 

V 


Maximum Input 

V|N = 

Vcc or GND, 


±0.1 

±1.0 

±1.0 

fA 

nnm 

Current 

V|H orViL 






Icc 

Maximum Quiescent 

V|N = 

Vcc or GND, 


2.0 

20 

40 

fA 


Supply Current 

l0UT = 

= 0 nA 








V|N = 

2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note: 4: This is measured per input with all other inputs held at Vcc ground. 
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MM54HCT00/74HCT00 


AC Electrical Characteristics Vcc = 5.0V, tr=tf=6 ns, Cl= 15 pF, Ta= 25'’C, (unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

tpLH. tPHL 

Maximum Propagation Delay 


12 

18 

ns 


AC Electrical Characteristics Vcc = 5.0V±10%, V=tf=6 ns, Cl = 50 pF, (unless otherorise noted) 


Symbol 

Parameter i 

Conditions 

Ta= 

25°C 

74HCT 

Ta=-40 to 85°C 

54HCT 

TA=-55to125'’C 

Units 

Typ 

Guaranteed Limits 

tpLH. *PHL 

Maximum Propagation Delay 


14 

20 

25 

30 

ns 

tTHL. ‘TLH 

Maximum Output Rise & Fall Time 


8 

15 

19 

22 

ns 

CpD 

Power Dissipation Capacitance 

(Note 5) 

20 




pF 

Qn 

Input Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ f+lcc Vcc. arid the no load dynamic current consumption, 
ls = CpD Vcc *+lcc- , 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 



I 
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National 

Semiconductor 


MM54HCT04/74HCT04 Hex Inverter 


PRELIMINARY 


microCMOS 


General Description 

The MM54HCT04/74HCT04 are logic functions fabricated 
using microCMOS Technology, 3.0 micron silicon gate N- 
well CMOS, which provides the inherent benefits of CMOS • 
low quiescent power and wide power supply range, but are 
input and output characteristic as well as pin-out compatible 
with standard DM54LS/74LS devices. The MM54HCT04/ 
MM74HCT04, triple buffered, inverting hex inverters, feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vcc and ground. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Connection Diagram 


Features 

■ TTL, LS pin-out and threshold compatible 

■ Fast switching: tpLH. tpHL=12 ns (typ) 

■ Low power: 10 p,W at DC, 2.5 mW at 5 MHz 

■ High fan-out: S 10 LS loads 

■ Inverting, triple buffered 




TOP VIEW 

MM54HCT04/MM74HCT04 


54HCT04 (J) 74HCT04 (J,N) 
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MM54HCT04/74HCT04 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) -0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ±50mA 

Storage Temperature Range (T stg) “ 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4-5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range (Ta) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fail Times 
dr.tf) 


500 ns 


pc Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


Conditions 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Levei 
Output Voitage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Suppiy Current 


Ta=25»C 


Typ 


Vcc Vcc -0.1 
3.98 ■ 


74HCT 54HCT 

TA=-40to85°C TA=-55to125°C 


Guaranteed Limits 


2.0 


Vcc -0.1 

3.7 

4.7 


|IoUtI = 20 ;iA 
I IoutI = 4.0 mA, Vcc = 4.5 V 
il0UTi=4.8 mA, Vcc = 5.5V 


V|N = V|H 
|IoutI = 20 hA 
I IqutI = 4.0 mA, Vcc = 4.5V 
I IoutI = 4.8 mA, Vcc = 5.5V 


V|N = Vcc or GND, 
ViHOr V|L 


IOUT = 0 fiA 


V|n = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package; -12 mW/°C from 65'C to 85°C; ceramic "J” package: 
100°C to 125°C. 

Note: 4: This is measured per input with all other inputs held at Vcc O' ground. 


-12 mW/'C from 
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AC Electrical Characteristics 

Vcc = 5.0V, tr=tf = 6 ns, Cl = 15 pF, Ta = 25°C, (unless othenwise noted) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpLH. tPHL 

Maximum Propagation 
Delay 


10 

18 

ns 


AC Electrical Characteristics 

Vcc = 5.0V±10%, tr = tf = 6 ns, Cl= 50 pF, (unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Ta= 

25“C 

74HCT 

Ta= -40 to 85°C 

54HCT 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpLH. tpHL 

Maximum Propagation Delay 


14 

20 

25 

30 

ns 

tTHL. tTLH 

Maximum Output Rise & Fall Time 


8 

15 

19 

22 

ns 

CpD 

Power Dissipation Capacitance 

(Note 5) 

20 




pF 

C|N 

Input Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power comsumption, Po = Cp 0 Vcc^ t+lcc Vcc. ^^d the no load dynamic current consumption, ls = CpD Vcc * 
+ lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HCT05/74HCT05 


National 

Semiconductor 


PRELIMINARY 


MM54HCT05/MM74HCT05 
Hex Inverter (Open Drain) 

General Description 

The MM54HCT05/MM74HCT05 are logic functions fabri- 
cated using microCMOS Technology. 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
CMOS — low quiescent power and wide power supply range. 
These devices are also input-output characteristically and 
pin-out compatible with standard DM54LS/DM74LS logic 
families. The MM54HCT05/MM74HCT05 open drain Hex 
Inverter requires the addition of an external resistor to per- 
form a wire-NOR function. 

All inputs are protected from static discharge damage by 
internal diodes to Vcc and ground. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


microCMOS 


Features 

■ Open drain for wire-NOR function 

■ LS-TTL pinout and threshold compatible 

■ Fan-out of 10 LS-TTL loads 

■ Typical propagation delays: 

tpLH (with 1 kfl resistor) 10 ns 
tpHL (with 1 kn resistor) 8 ns 


Connection Diagram 


Dual-ln-Line Package 



A1 Y1 AJ Y2 A3 Y3 GND 

TOP VIEW 

MM54HCT05/MM74HCT05 
54HCT05 (J) 74HCT05 (J,N) 


Logic Diagram 


Typical Application 


r— I>o-^<H 


I 

I 



MM54HCT05/MM74HCT05 

Note: Can be extended to more than 2 inputs. 
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Absolute Maximum Ratings (Notes i & 2) Operating Conditions 


Supply Voltage (Vcc) 

DC Input Voltage' (V| n) 

DC Output Voltage (Vout) 

Clamp Diode Current (Iik, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 


-0.5 to +7.0V 
-1.5toVcc + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 


Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HCT -40 


MM54HCT 

Storage T emperature Range (Tstg) “ 65"C to + 1 50“C r jge or Fall Times 

Power Dissipation (Pq) (Note 3) 500 mW (t^, tf) 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Vcc = 5V ±10%, unless otherwise specified) 


-55 +125 

500 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VOH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 

Current 

Ilkg 

Minimum High Level 
Output Leakage 

Current 

Ice 

Maximum Quiescent 
Supply Current 



Ta 

= 25"C 

74HCT 

TA=-40to 85"C 

54HCT 

Ta= -55 to125°C 

Typ 

Guaranteed Limits I 


1IoutI = 20 aA 


V|N = V|H 
|IoutI = 20 (lA 
I IqutI “40 mA, Vcc = 4.5V 
I IoutI = 4.8 mA, Vcc = 5.5V 


V|fv| — Vcc Of GND* 
ViHorViL 


0.8 

0.8 

Vcc 0.1 

Vcc 0.1 

0.1 

0.1 

0.26 

0.33 

0.26 

0.33 

±0.1 

±1.0 









V|n = 2.4V or 0.5V 
(Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°Cto 125”C. 

Note 4: This is measured per input with all other inputs held at Vcc or ground. 

AC Electrical Characteristics Vcc=5V, Ta=25°C, Cl= 15 pF, tr=tf=6 ns unless othen/vise noted. 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL 

Maximum Propagation Delay 

Rl=i kn 

8 

15 

ns 

tpLH 

Maximum Propagation Deiay 

Rl=i kn 

9 

16 

ns 




AC Electrical Characteristics Vcc=5V ±10%, Ci.=50 pF, tr=tf = 6 ns unless otherwise specified 


Ta = 25"C 

Conditions 


Rl=i kn 


Rl=i kn 


Symbol 

1 

Parameter 

tpHL 

Maximum Propagation 
Delay 

fpLH 

Maximum Propagation 
Delay 

tTHL 

Maximum Output 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum input 
Capacitance 



Note 5: CpD determines the no load dynamic power consumption, Po=CpD Vec^ f+lcc Vcc. ^nd the no load dynamic current consumption, 
ls = CpD Vcc f + icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HCT34/74HCT34 



National 

Semiconductor 


MM54HCT34/74HCT34 Non-Inverter 


PRELIMINARY 



General Description 

The MM54HCT34/74HCT34 are logic functions fabricated 
using microCMOS Technology, 3.0 micron silicon gate N- 
well CMOS, which provides the inherent benefits of CMOS - 
low quiescent power and wide power supply range, but are 
input and output characteristic as well as pin-out compatible 
with standard DM54LS/74LS devices. The MM54HCT34/ 
MM74HCT34, triple buffered, inverting hex inverters, feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vcc and ground. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

■ TTL, LS pin-out and threshold compatible 

■ Fast switching: Tplh. Tphl= 8 ns (typ) 

■ Low power: 10 p.W at DC, 2.5 mW at 5 MHz 

■ High fan-out: S 10 LS loads 

■ Inverting, triple buffered 


Connection Diagram 

Dual-In-Line Package 


Vcc A« Y6 AS YS A4 Y4 



A1 Y1 A2 Y2 A3 . V3 GND 


TOP VIEW TL/F/5296-1 

MM54HCT34/MM74HCT34 

54HCT34 (J) 74HCT34 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqijt) “ 0-5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 


DC Electricai Characteristics 

Vcc=5V ±10% (unless Otherwise specified) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 
(tr. tf) 


Symbol 

Parameter 

VlH 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 



Ta = 25°C 


Typ 


74HCT 54HCT 

TA=-40to85°C Ta= - 55to125'’C 


Guaranteed Limits 



Vcc ~ 0-1 

3.7 

4.7 


|IoutI = 20 ^1.A 
|louTh4.0mA, Vcc = 4.5V 
|IoutH 4.8 mA, Vcc = 5.5V 


V|N = V|H 

|IoutI= 20 fiA 

IIoutI — 4.0 mA, Vcc = 4.5V 

|IoutI=4.8 mA, Vcc = 5.5V 


V|N ~ Vcc or GND, 
ViHorViL 


V|N — Vcc or GND, 

Iout = 0 fiA 


V|N = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°Cto 125°C, 

Note: 4: This is measured per input with all other inputs held at Vcc or ground. 


2.0 

2.0 

0.8 

0.8 

Vcc “0.1 

3.98 

4.98 

Vcc“0.1 

3.84 

4.84 

0.1 

0.1 



±0.1 

±1.0 

2.0 

20 
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MM54HCT34/74HCT34 


AC Electrical Characteristics 

Vcc=5.0V, tr=tf=6 ns, Cl=15 pF, Ta = 25°C, (unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPLH. tPHL 

Maximum Propagation 
Delay 


10 

15 

ns 


AC Electrical Characteristics 

Vcc=5.0V±10%, tr=tf=6 ns, Cl= 50 pF, (unless othenwise noted) 


Symbol 

Parameter 

Conditions 

Ta= 

25°C 

74HCT 

TA=-40to 85°C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpLH. tpHL 

Maximum Propagation Delay 


10 

18 

24 

27 

ns 

ItHL. tTLH 

Maximum Output Rise & Fall Time 


8 

15 

19 

22 

ns 

CpD ‘ 

Power Dissipation Capacitance 

(Note 5) 

20 




pF 

C|N 

Input Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power comsumption, Pq=Cpd Vcc^ f+lcc VcC' arid the no load dynamic current consumption, ls = CpD Vcc * 


+ Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 
Semiconductor 

MM54HCT74/MM74HCT74 

Dual D Flip-Flop with Preset and Clear 

General Description 


PRELIMINARY 



The MM54HCT74/MM74HCT74 utilizes microCMOS Tech- 
nology, 3.0 micron silicon gate N-well CMOS, to achieve 
operation speeds similar to the equivalent LS-TTL part. It 
possesses the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, along with 
the ability to drive 10 LS-TTL loads. 

This flip-flop has independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positiye-go- 
ing transition of the clock pulse. Preset and clear are inde- 
pendent of the clock and accomplished by a low level at the 
appropriate input. 

The 54HCT/74HCT logic family is functionally and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 40 fxA maximum (74HCT series) 
B Low input current: 1 ^lA maximum 

B Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-ln-Line Package 

Vcc CLR2 02 CLK2 PR2 02 02 



CLR1 01 CLK1 Pfll 01 Si GNO 
TOP VIEW 


MM54HCT74/MM74HCT74 
54HCT74 (J) 74HCT74 (J.N) 


Truth Table 


Inputs 

Outputs 

PR 

CLR CLK 

D 

Q 

Q 

L 

H 

X 

X 

H 

L 

H 

L 

X 

X 

L 

H 

L 

L 

X 

X 

H* 

H* 

H 

H 

t 

H 

H 

L 

H 

H 

t 

L 

L 

H 

H 

H 

L 

X 

QO 

QO 


Note: QO = the level of Q before the indicated input condi- 
tions were established. 

•This configuratien is nonstable; that is. it will not persist when 
preset and clear inputs return to their inactive (high) level. 


TL/F/5106-1 



TL/F/5106-2.. 
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MM54HCT74/74HCT74 







MM54HCT74/74HCT74 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pd) (Note 3) 


-0.5 to +7.0V 
-1.5 to Vcc + 1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65'’C to +150°C 
500 mW 


Lead Temperature (Tl) (Soldering 10 seconds) 


260‘'C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage . 0 
(Vin.Vout) 

Operating Temperature RangefTA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Max 

5.5 

Vcc 


+ 85 
+ 125 


500 


Units 

V 

V 

"C 

“C 

ns 


DC Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Tfi 

^=25“C 

74HCT 

Ta=-40 to BS'C 

54HCT 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 < 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







VOH 

Minimum High Level 

V|N = V|H or V|L 







Output Voltage 

|IoUtI = 20 ixA 

Vcc 

< 

o 

o 

1 

p 

Vcc ~ 0.1 

Vcc-0.1 

V . 



1 IqutI = 4.0 m a, Vcc = 4.5 V 

4.2 

3.98 

3.84 

3.7 

V 



||outI = 4.8 mA, Vcc=5.5V 

5.7 

4.98 

4.84 

4.7 

V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 







Voltage 

|IoutI= 20 ft a 

0 

0.1 

0.1 

0.1 

V 



HoutI =4.0 mA, Vcc = 4.5V 

0.2 



0.4 

V 



1 IoutI = 4.8 mA, Vcc = 5.5V 

0.2 



0.4 

V 

•in 

Maximum Input 

V|N = Vcc or GND, 


±0.1 

±1.0 

±1.0 

}i,A 


Current 

V|H orViL 






icc 

Maximum Quiescent 

V||s|= Vcc or GND 







Supply Current 

loUT=0 mA 


4.0 

40 

80 




V|n = 2.4V or 0.5V (Note 4) 





mA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. , 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from SS'C to BS'C; ceramic “J” package: -12 mW/°C from 
100°Cto 125°C. 

Note 4: This Is measured per pin. All other inputs are held at Vcc Ground. 
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AC Electrical Characteristics 

Vcc = 5V, Ta = 25‘'C. Cl= 15 pF, tr = tf = 6 ns (Note 6) 


Symbol 

Parameter 

^MAX 

Maximum Operating 
Frequency from Clock 
to Q or Q 

tpHL. tpLH 

Maximum Propagation 
Delay Clock to Q or Q 

tPHL. tpLH 

Maximum Propagation 
Delay From Preset or 
Clear to Q or Q 

tREM 

Minimum Removal Time, 
Preset or Clear to Clock 

ts 

Minimum Set Up Time 
Data to Clock 

tH 

Minimum Hold Time 

Clock to Data 

tw 

Minimum Pulse Width 
Clock, Preset or Clear 


Conditions Typ 





Guaranteed 

Limit 

Units 

30 

MHz 

30 

ns 

30 

ns 

20 

ns 

20 

ns 

0 

ns 

16 

ns 



AC Electrical Characteristics 

\/cc = 5.0\/±10% Cl = 50 pF, tf=tf = 6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

fMAX 

Maximum Operating 
Frequency 

tPHL. tPLH 

Maximum Propagation 
Delay From Clock to 
QorQ 

tPHL. tPLH 

Maximum Propagation 
Delay From Preset or 
Clear to Q or Q 

tREM 

Minimum Removal Time 
Preset or Clear to Clock 

ts 

Minimum Set Up Time 
Data to Clock 


Minimum Hold Time 

Clock to Data 

tw 

Minimum Pulse Width 
Clock, Preset or Clear 

tr.tf 

Maximum Input Rise and 
Fall Time 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 

, CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 



Ta=25«C 


Typ 



74HCT 54HCT 

TA=-40to85°C TA=-55t6l25°C 


Guaranteed Limits 


27 

21 

18 

35 

44 

52 

35 

44 

52 

20 

25 

30 

20 

25 

30 


16 

20 

24 

500 

500 

500 

15 

19 

22 






Note 5: Cpo determines the no load dynamic power consumption, Pd=Cp[) Vcc^ t+lcc ^cc. and the no load dynamic current consumption, 
ls = CpD Vcc t+icc- 

Note 6: Refer to back of this section tor Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


1-433 


MM54HCT74/74HCT74 



















































































































MM54/74HCT76 

MM54/74HCT112 



National 

Semiconductor 


PRELIMINARY 



microCMOS 


MM54HCT76/MM74HCT76 

MM54HCT1 1 2/MM74HCT1 1 2 

Dual J-K Flip-Flops with Preset and Clear 


General Description 

These flip-flops utilize silicon gate CMOS technology. 
They have input threshold and output drive similar to 
LS-TTL vyith the low standby power of CMOS. 

These flip-flops have independent J, K, preset, clear and 
clock inputs and Q and Q outputs. The flip-flops are edge- 
triggered and change state on the negative-going transi- 
tion of the clock pulse. Preset and clear are independent 
of the clock and accomplished by a low logic level on the 
corresponding input. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


MM54HCT/MM74HCT devices are intended to interface 
TTL and NMOS components to CMOS components. When 
there is a LS-TTL equivalent, these parts can be used as 
plug-in replacements to reduce system power consump- 
tion in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 nA maximum (74HCT series) 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 


Truth Tabie 


Dual-ln-Line Package 


Vcc CLR 1 CLR 2 CLK 2 K2 J2 PR 2 02 



CLK 1 K1 J1 PR 1 01 01 02 GND 


TOP VIEW 

TL/F/5762.1 


Inputs 

Outputs 

PR 

CLR 

CLK 

J 

K 

Q 

Q 

B 

B 




H 

L 

D 

n 




L 

H 

B 

B 




H* 

H* 

H 

H 

J 



QO 

QO 

H 

H 

1 

H 

L 

H 

L 

H 

H 

1 

L 

H 

L 

H 

H 

H 

1 

H 

H 

Toggle 

H 

H 

H 

X 

X 

QO 

QO 


Note; Q0 = the level of Q before the Indicated input 
conditions were established. 

*This configuration is nonstable; that is, it will not per- 
sist when preset and clear inputs return to their inac- 
tive (high) level. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 


SupplyVoltage(Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per Pin (Iqut) 

DC Vcc or GND Current, per Pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (PcXNoteS) 


-0.5V to +7.0V 
-1.5VtoVcc+1-5V 
-0.5V to Vcc + 0.5V 
±20mA 
±25mA 
±50mA 
-65'’Cto + 150°C 
500 mW 


Lead Temperature (Tl) (Soldering, 10 seconds) 260°C 


Supply Voltage (Vcc) 

DC Input or Output Voltage 
(ViN, Vout) 

Operating Temperature Range (T^) 
MM74HCT 
MM54HCT 

Input Rise or Fall Times 

(tr.tf) 


Min 

4.5 


-40 

-55 


Max 

5.5 

Vcc 

+ 85 
+ 125 

500 


DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 


Units 

V 


Symbol 

Parameter 

Conditions 

Ta 

= 2S°C 

74HCT 

Ta= -40“C to 85“C 

Ta = 

54HCT 

- 55°C to 125'’C 

Units 





Guaranteed Limits 


V|H 

Minimum High 
Level Input 
Voltage 


1 

2.0 

2.0 

2.0 

V 

V|L 

Maximum Low 
Level Input 
Voltage 


1 

0.8 

0.8 

0.8 

V 

Vqh 

Minimum High 

V|N = V|H or ViL 

1 







Level Output 

IIqutI =20/iA 

Vcc 

Vcc ~ 0-1 

< 

o 

o 

1 

o 


< 

o 

o 

p 

V 


Voltage 

1Iout1=4.0 mA, Vcc = 4.5V 

4.2 

3.98 

3.84 


3.7 

V 



|IoutI=4.8 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 


4.7 

V 

VoL 

Maximum Low 

V|N = V|Hor V|L 

m 







Level Voltage 

HoutI = 20 hA 

D 

0.1 

0.1 


0.1 

V 



IIqutI =4.0 mA, Vcc = 4.5V 


0.26 

0.33 


0.4 

V 



IIqutI =4.8 mA, Vcc = 5.5V 


0.26 

0.33 


0.4 

V 

msm 

Maximum Input 

V|N = VccorGND, 


±0.1 

±1.0 

- 

±1.0 


mM 

Current 

ViHor V|L 








Maximum 

V|N = Vcc or GND 


4.0 

40 


80 

mA 

■■ 

Quiescent 

\o\jl = 0nA 







■ 

Supply Current 

V|n = 2.4V or 0.5V (Note 4) 






mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic "N" package: -12 mW/’C from 65'C to B5*C; ceramic “J” package; - 12 mW/°C from lOCC 
to 125‘C. 

Note 4: Measured per pin, all other Inputs held at Vcc or GND. 


AC Eiectrical Characteristicsvcc= 5 v,TA= 25 'c,CL=i 5 pF,tr=tf= 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating Frequency 


50 

30 

MHz 

tpHL. tpLH 

Maximum Propagation Delay from Clock to Q or Q 


18 

30 

ns 

tpHL. tpLH 

Maximum Propagation Delay from Preset or Clear 
to Q or Q 


18 

30 

ns 

Irem 

Minimum Removal Time, Preset or Clear to Clock 



20 

ns 

ts 

Minimum Set-Up Time J or K Clock 


10 

20 

ns 

tH 

Minimum Hold Time Clock to J or K 


-3 

0 

ns 

tw 

Minimum Pulse Width Clock, Preset or Clear 


8 

16 

ns 
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MM54/74HCT76 

MM54/74HCT112 


AC Electrical Characteristics Vcc = 5V± 10 %,Cl=50 pF, tr = tf = 6 ns unless otherwise specified (Note 6) 


Symbol 

Parameter 

Conditions 

Ta = 

25®C 

74HCT 

Ta= -4000 toSSX 

54HCT 

Ta= -55®Cto125’’C 

Units 




Typ 

Guaranteed Limits 


fwAX 

Maximum Operating 
Frequency 



27 

22 

18 

MHz 

tpHL. fpLH 

Maximum Propagation 
Delay from Clock to Q 
or Q 


22 

35 

44 

52 

ns 

tpHL. tpLH 

Maximum Propagation 
Delay from Preset or 
Clear to Q or Q 


22 

35 

44 

52 

ns 

tpEM 

Minimum Removal 

Time Preset or Clear to 
Clock 


■ 

20 

25 

30 

ns 

ts 

Minimum Set-Up Time 

J or K to Clock 


10 

20 

25 

30 

ns 

tH 

Minimum Hold Time 
Clock to J or K 


-3 

0 

0 

0 

ns 

tw 

Minimum Pulse Width 
Clock, Preset or Clear 



16 

20 

- 24 

ns 

tn ^f 

Maximum Input Rise 
and Fall Time , 



500 

500 

500 

ns 

txHL. ItLH 

Maximum Output Rise 
and Fali Time 



15 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(Per Flip-Flop) 





pF 

m 

Maximum input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, PD = Cpo * + IcC '^CC' shd the no load dynamic current consumption, 

ls = CpDVccf + lcc- 

Note 6; Refer to back of this section for T ypical MM54/74HC AC Switching Waveforms and Test Circuits, 


Logic Diagram 


Q 



TL/F(5762-2 
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National 

Semiconductor 

MM54HCT107/MM74HCT107 
Dual J-K Flip-Flops with Clear 

General Description 

The MM54HCT107/MM74HCT107 utilize silicon gate 
CMOS technology. They have input threshold and output 
drive similar to LS-TTL with the low standby power of 
CMOS. 

These flip-flops have independent J, K, clear and clock in- 
puts and Q and Q outputs. The flip-flops are edge-trig- 
gered and change state on the negative-going transition of 
the clock pulse. Clear is independent of the clock and ac- 
complished by a low level on the input. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


Connection Diagram 

Dual-ln-Line Package 

Vcc CLR 1 CLK 1 K2 CLR 2 CLK 2 J2 

|l4 |l3 |l2 111 |lQ (g Is 


PRELIMINARY 


microCMOS 


MM54HCT/MM74HCT devices are interided to interface 
TTL and NMOS components to CMOS components. When 
there Is a LS-TTL equivalent, these parts can be used as 
plug-in replacements to reduce system power consump- 
tion in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current 8 nA maximum (74HCT Series) 

■ Fanout of 10 LS-TTL loads 


Truth Table 


Outputs 
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MM54/74HCT107 


Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) - 0.5V to + 7.0V 

DC Input Voltage (V,n) - 1 .5V to Vcc + 1.5V 

DC Output Voltage (Vout) -0.5V to Vcc + 0.5V 

Clamp Diode Current (Iik.Iqk) ± 20mA 

DC Output Current, per Pin (lour) ± 25 mA 

DC Vcc or G N D Current, per Pin (I cc) ± 50 mA 

Storage Temperature Range (Tstg) -65"Cto +150®C 

Power Dissipation (PD)(Note3) 500 mW 

Lead Temperature (Tl) (Soldering, 10 seconds) 260‘’C 


DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 


Symbol 

Parameter 

Conditions 

Ta 

= 25“C 

74HCT 

Ta=- 40“C to85®C 

Ta = 

54HCT 

-SS^C to125‘'C 

! 

Units 




EH 

Guaranteed Limits 


VlH 

Minimum High Level 
Input Voltage 



2.0 

2.0 

2.0 

V 

V|L 

Maximum Low Level 
Input Voltage 



0.8 

0.8 

0.8 

V 

Vqh 

Minimum High Level 

V|N = V|Hor V|L 








Output Voltage 

HoutI =20 aA 

Vcc 

Vcc — 0.1 

< 

o 

o 

1 

o 


< 

o 

o 

1 

o 

V 



I lour I =4.0 mA, Vcc = 4.5V 

4.2 

3.98 

3.84 


3.7 

V 



1 1 OUT I = 4.8 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 


4.7 

V 

VoL 

Maximum Low Level 

V|N = V|H or V|L 








Voltage 

|Iout| =20/tA 

0 

0.1 

0.1 


0.1 

V 



I lour I =4.0 mA, Vcc = 4.5V 

0.2 


0.33 • 


0.4 

V 



|louTl=4.8mA, Vcc = 5.5V 

02 


0.33 


0.4 

V 

mm 

Maximum Input 

V|(M — Vcc or GND, 


±0.1 

±1.0 


±1.0 

fA 

WM 

Current 

V|H or V|L 








Maximum Quiescent 

V|N = Vcc or GND 


4.0 

40 1 


80 

mA 

■■ 

Supply Current 

louT = 0/tA 







Bi 


V,N = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic "N" package; - 12 mW/”C from 65'C to 85'C; ceramic "J” package; - 12 mW/*C from 100’C 
to 125'’C. 

Note 4; Measured per pin, all other Inputs held at Vcc GNO. 


AC Electrical Characteristics Vcc = sv, ta = 25 ‘’c, c,. = 15 pf, tr = tf = e ns (Note s) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

^MAX 

Maximum Operating Frequency 


50 

30 

MHz 

IPHL. IPLH 

Maximum Propagation Delay from Clock to Q or Q 


18 

30 

ns 

tPHLi tpLH 

Maximum Propagation Delay from Clear to Q or Q 


18 

30 

ns 

Irem 

Minimum Removal Time, Clear to Clock 



20 

ns 

Is 

Minimum Set-Up Time J or K Clock 


10 

20 

ns 

tH 

Minimum Hold Time Clock to J or K 


-3 

0 

ns 

tw 

Minimum Pulse Width Clock, Clear 


8 

16 

ns 


Operating Conditions 

Min 

Max 

Units 

Supply Voltage (Vcc) 

DC Input or Output Voltage 

4.5 

5.5 

V 

(ViNi Vout) 

Operating Temperature Range (Ta) 

0 

Vcc 

V 

MM74HCT 

-40 

■P85 

•c 

MM54HCT 

Input Rise or Fall Times 

-55 

-f125 

»c 

(tr.tf) 


500 

ns 


1-438 

























































































AC Electrical Characteristics Vcc = 5V± 10%, Cl = 50 pF, tr = tf = 6 ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

IBBI 

74HCT 1 

Ta= - 40“Cto85»C 

54HCT 

Ta= -55»Cto125‘’C 

Units 




Typ 

Guaranteed Limits 


fwAX 

Maximum Operating 
Frequency 


■ 

27 

22 

18 

MHz 

tpHL. tpLH 

Maximum Propagation 
Delay from Clock to Q 
orQ 


22 

35 

44 

52 

ns 

tpHL. tpLH 

Maximum Propagation 
Delay from Clear to Q 
orQ 


22 

35 

44 

52 

ns 

tREM 

Minimum Removal 

Time Clear to Clock 



20 

25 

30 

ns 

ts 

Minimum Set-Up Time 

J or K to Clock 


10 

20 

25 

30 

ns 

' tH 

Minimum Hold Time 
Clock to J or K 

• 

-3 

0 

0 

0 

ns 

tw 

Minimum Pulse Width 
Clock or Clear 


■ 

16 

20 

24 

ns 

tr.tf 

Maximum Input Rise 
and Fall Time 


■ 

500 

500 

500 

ns 

tTHLi ItLH 

Maximum Output Rise 
and Fall Time 


■ 

15 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(Per Flip-Flop) 

■ 




pF 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd = Cpd Vqc^ t + ICC '^CC- ®rid the no load dynamic current consumption, 
IS = CpD Vcc t + ICC- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HCT109 


National 

J2i Semiconductor 

MM54HCT1 09/MM74HCT1 09 

Dual J-K Flip-Flops with Preset and Clear 


PRELIMINARY 



microCMOS 


General Description 

These high speed J-K FLIP-FLOPS utilize microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS. They 
possess the low power consumption and high noise immuni- 
ty of standard CMOS integrated circuits, along with the abili- 
ty to drive 10 LS-TTL loads. 

Each flip flop has independ^t J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to S/qq and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low input current; 1 fiA maximum 

■ Low quiescent current: 40 p,A maximum (74HCT series) 

■ Output drive capability: 10 LS-TTL loads 


Connection Diagram 


Dual-ln-Llne Package 

Vcc CLR2 J2 k2 CLK 2 PR 2 02 02 



MM54HCT1 09/MM74HCT1 09 
54HCT1 09 (J) 74HCT1 09 (J,N) 


Function Table 


Inputs 

Outputs 

PR 


CLK 

J 

K 

Q 

Q 

■■ 

a 


n 

n 

H 

L 

n 

■■ 


mi 

mi 

L 

H 






H* 

H* 




II 

n 

L 

H 



■■ 

n 

■■ 

TOGGLE 



mm 

■■ 


QO 

QO 



HI 



H 

L 



HH 

^01 

IB 

QO 

QO 


TL/F/5306-1 


Logic Diagram 


0 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vout) “0'5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + ISO'C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TO (Soldering 10 seconds) 260‘’C 


DC Electrical Characteristics 

Vcc=5V ±10% (unless othenwise specified) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature RangefT/O 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Symbol 

Parameter 

VlH 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 



Ta = 25°C 


Typ 


74HCT 54HCT 

Ta = - 40 to 85'C Ta = - 55 to 1 25°C 


Guaranteed Limits 



Vcc— 0.1 

3.7 

4.7 


1IoutI = 20 p,A 
|IoutH 4.0 mA, Vcc = 4.5V 
1 IoutI = 4.8 mA, Vcc = 5.5V 


V|N = V|H orViL 
|IoutI = 20 mA 
I IqutI — 4.0 mA, Vcc — 4.5V 
I IoutI = 4.8 mA, Vcc = 5.5V 


V|N = Vcc or GND, 
ViH or V|L 


V|N = Vcc orGND 

IOUT = 0 fxA 


Vin = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from SS'C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin, all other Inputs held at Vcc °r GND. 


2.0 

2.0 

0.8 

0.8 

Vcc- 0.1 

3.98 

4.98 

Vcc -0.1 

3.84 

4.84 

0.1 

0.1 



±0.1 

±1.0 

4.0 

40 
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MM54/74HCT109 


AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl= 15 pF. tr = t,= 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Operating 

Frequency 


50 

30 

MHz 

tPHL. tPLH 

Maximum Propagation 

Delay From Clock to Q or Q 


18 

30 

ns 

tPHL. tpLH 

Maximum Propagation 

Delay From Preset or Clear to Q or Q 


18 

30 

ns 

tREM 

Minimum Removal Time, 

Preset or Clear to Clock 



20 

ns 

ts 

Minimum Set Up Time 

J or K Clock 


10 

20 

ns 

tH 

Minimum Hold Time 

Clock to J or K 


-3 

0 

ns 

tw 

Minimum Pulse Width 

Clock, Preset or Clear 


8 

16 _ 

ns 


AC Electrical Characteristics 

Vcc=5.0V ±10% Cl= 50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta = 

25°C 

74HCT 

Ta=- 40 to 85°C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

^MAX 

Maximum Operating 
Frequency 



27 

22 

18 

MHz 

tPHL. tPLH 

Maximum Propagation 
Delay From Clock to 

Q orQ 


22 

35 

44 

52 

ns 

tpHL. tPLH 

Maximum Propagation 
Delay From Preset 
or Clear toQ orQ 


22 

35 

44 

52 

ns 

tREM 

Minimum Removal Time 
Preset or Clear to Clock 



20 

25 

30 

ns 

ts 

Minimurn Set Up Time 
JorKto Clock 


10 

20 

25 

30 

ns 

tH 

Minimum Hold Time 

Clock to J or K 


-3 

0 

0 

0 

ns 

tw 

Minimum Pulse Width 
Clock, Preset or Clear 



16 

20 

24 

ns 

Vi tf 

Maximum Input Rise and 
Fall Time 


■ 

500 

500 

500 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 


■ 

15 

1 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per flip-flop) 

1 

■ 

■ 



pF 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc t+Icc- 

Note 6: Refer to back of this section for Typicai MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HCT1 38/MM74HCT1 38 
3-to-8 Line Decoder 

General Description 

This decoder utilizes microCMOS Technology, 3.0 micron 
silicon gate N-well CMOS, and are well suited to memory 
address decoding or data routing applications. Both circuits 
feature high noise immunity and low power consumption 
usually associated with CMOS circuitry, yet have speeds 
comparable to low power Schottky TTL logic. 

The MM54HCT138/MM74HCT138 have 3 binary select in- 
puts (A, B, and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1, 
G2A and G2B) are provided to ease the cascading de- 
coders. 

The decoders’ output can drive 10 low power Schottky TTL 
equivalent loads and are functionally and pin equivalent to 
the 54LS138/74LS138. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 


PRELIMINARY 


microCMOS 


MM54HCT/MM74I-1CT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ TTL Input Compatible 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 p.A maximum (74HCT series) 

■ Low input current: 1 jaA maximum 

■ Fanout of 10 LS-TTL loads 


Connection Diagram 

Dual-ln-Line Package 


Logic Diagram 




mmmssmSn 



iur,iL» TL/F/5120-1 

MM54HCT138/MM74HCT138 


54HCT1 38 (J) 74HCT1 38 (J,N) 

Truth Table 


Enable 

Select 

wuipuis 1 

G1 

G2* 

C 

B 

A 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


•G2 = G2A + 52B 

H = high level L=low level X=clonft care 
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MM54/74HCT138 








MM54/74HCT138 


Max Units 

5.5 V 

Vcc V 


+ 85 “C 

+ 125 °C 

500 ns 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 


DC Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25'C 

74HCT 

Ta= -40 to 85°C 

54HCT 

Ta= -55 to125'’C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

njH 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 



Input Voltage 







VOH 

Minimum High Level 

V|N = V|HorV|L 





■jB 


Output Voltage 

|IoutI=2o hA 

Vcc 

Vcc -0.1 

Vcc -0.1 

Vcc -0.1 




1 IqUtI = 4.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



1 IoutI =4.8 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

V 

• VoL 

Maximum Low Level 

V|N = V|H or V|L 







Voltage 

|IoUtI = 20 fiA 

0 

0.1 

0.1 

0.1 

V 



|IoutI = 4.0 mA, Vcc = 4.5V 

0.2 

mmm 

0.33 

0.4 

V 



1 IoutI = 4.8 mA, Vcc = 5.5V 

0.2 

■H 

0.33 

0.4 

V 

<IN 

Maximum Input 

V|N = Vcc or GND, 


±0.1 

±1.0 

±1.0 

p,A 


Current 

V|H or V|L 






icc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

fxA 


Supply Current 

loUT = 0 fiA 








V|N = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximunn Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N" package; -12 mW/°C from 65°C to 85°C: ceramic "J” package; -12 mW/°C from 
100“C to 125'’C. 

Note 4: This Is measured per Input pin. All other inputs are held at Vcc or ground. 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqut) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (T stg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + 1,.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65‘’Cto +150'’C 
500 mW 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating T emperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 
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AC Electrical Characteristics Ta = 25°C, Vcc= 5.0V, tr=tf = 6 ns Cl = 15 pF (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units, 

tPHL 

Maximum Propagation Delay, A, B, or C to Output 


20 

35 

ns 

fPLH 

Maximum Propagation Delay, A, B, or C to Output 


13 

25 

ns 

tpHL 

Maximum Propagation Delay, G1 to Y Output 


14 

25 

ns 

. fPLH 

Maximum Propagation Delay, G1 to Y Output 


13 

25 

ns 

fpHL 

Maximum Propagation Delay, G2A or G2B to Y Output 


17 

30 

ns 

tPLH 

Maximum Propagation Delay, G2A or G2B to Y Output 


13 

25 

ns 


AC Electrical Characteristics 

Vcc=5V ±10% Cl = 50 pF, tr = tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta = 25°C 

74HCT 

Ta= -40 to BS^C 

54HCT 

T= -55to125°C 

Units 

Typ 

Guaranteed Limits 

fpHL 

Maximum Propagation Delay 

A, B, or C to Output 


24 

40 

50 

60 

ns 

fpLH 

Maximum Propagation Delay 

A, B, or C to Output 


18 

30 

38 

45 

ns 

fPHL 

Maximum Propagation Delay 
G1 to Y Output 


17 

30 

38 

45 

ns 

fpLH 

Maximum Propagation Delay 
G1 to Y Output 


20 

30 

38 

45 

ns 

fpHL 

Maximum Propagation Delay 
G^ or G2B to Y Output 


23 

35 

43 

52 

ns 

*PLH 

Maximum Propagation Delay 
G2A or G2B to Y Output 


18 

30 

38 

45 

ns 

fTHL. fTLH 

Maximum Output 

Rise and Fall Time 


■ 

15 

19 

22 

ns 

C|N 

Input Capacitance 



5 

10 

10 

pF 

CpD 

Power Dissipation 

Capacitance 

(Note 5) 

■ 




pF 


Note 5: Cpo determines the no load dynamic power consumption. Po=CpD Vcc^ f+lcc Vcc. ahd the no load dynamic current consumption, 
ls = CpD Vcc t + Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HCT139 


National 

Semiconductor 


PRELIMINARY 


MM54HCT139/MM74HCT139 Dual 
2-T0-4 Line Decoder 


microCMOS 


General Description 

The MM54HCT139/MM74HCT139 is a high speed silicon- 
gate CMOS decoder that is well suited to memory address 
decoding or data routing applications. It possesses an input 
threshold and output drive similar to LS-TTL and the low 
standby of CMOS logic. 

The device is comprised of two independent one-of-four de- 
coders each with a single active low enable input (G1 or 
G2). Data on the select inputs (A1, B1 or A2, B2) cause one 
of the four normally high outputs to go low. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. The 


device is capable of driving 10 low power Schottky TTL 
equivalent loads. 

The MM54HCT139/MM74HCT139 is functionally and pin 
equivalent to the 54LS139/74LS139 and can be used as a 
plug in replacement to reduce system power consumption in 
existing systems. 

Features 

■ Typical propagation delays: 20 ns 
B Low quiescent current: 40 juA maximum (74HCT series) 
B Fanout of 10 LS-TTL loads 


Connection Diagram Dual-ln-Line Package Truth Table 


SELECT DATA OUTPUTS 

ENABLE . , * , 

Vcc 02 A2 B2 2Y0 2Y1 2Y2 2Y3 

he |is |14 |l3 |l2 111 |l0 9 





- 


OUTPUT 


OUTPUT BUFFER . 

SELECT 

- 



Inputs 

Enable I Select 


Outputs 



YO 

Y1 

Y2 

Y3 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 


H=high level, L=low level, X=cion’t care 



p [2 f3 p n f6 P [8 
ENABLE A1 B1 1Y0 1Y1 1Y2 1Y3 GND 


TOP VIEW 

MM54HCT1 39/MM74HCT1 39 
54HCT1 39 ( J) 74HCT1 39 ( J,N) 


Logic Diagram 


Va MM54HCT139/MM74HCT139 



iiiidl 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc + 1-5V 

DC Output Voltage (Vout) -0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k. Iqk) 20 mA 

DC Output Current, per Pin (Iqut) 25 mA 

DC Vcc or GND Current, per Pin (Ice) 50 mA 

Storage T emperature Range (T stg) - 65°C to +1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 300°C 

DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Icc 

Maximum Quiescent 
Supply Current 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise/Fall Time 
(tr.tf) 


Guaranteed Limits 


74HCT 54HCT 

-40to85°C T=-55to125X 



|IoutI = 20 fiA 

|IoutI = 4.0 mA, Vcc = 4.5V 

IioutI “4.8 mA, Vcc = 5.5V 


V|N = V|HorV|L 

|IoutI = 20 jxA 

|IoutI = 4.0 mA, Vcc = 4.5V 

IIoutI = 4.8 mA, Vcc = 5.5V 


V|N = Vcc or GND 
V|N = V|H orV|L 


V|fy|— V qc or GND 
louT“^ /iA (Note 4) 


V||s|=2.4V or 0.5V 
louT"^0 nfK (Note 4) 


: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

: Unless otherwise specified all voltages are referenced to ground. 

; Power Dissipation temperature derating: plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 100°C to 125°C. 
: Measured per input, other inputs at Vcc or GND. 
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MM54/74HCT139 


AC Electrical Characteristics 

(Vcci Temperature and loading of LS-TTL) 

Vcc = 5V, Ta = 25'’C, Cl= 15 pF, tr=tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tPLH. PHL 

Maximum Propagation 
delay, Binary Select 
to any output 


18 

30 

ns 

tPLH. PHL 

Maximum Propagation 
delay, Enable to any 
output 


18 

30 

ns 


AC Electrical Characteristics 


(Full Range of Vcc and Temperature) Vcc = 5V ±10%, Cl=50 pF (Unless Otherwise Specified) 





Typ 

Guaranteed Limits 


Symbol 

Parameter 

Condition 

Ta = 25C 

Ta = 25C 

74HCT 

Ta=-40 to85C 

54HCT 

TA=-55to125 

Units 

tPLH, PHL 

Maximum Propagation Delay, 
Binary Select to any Output 


20 

35 

44 

51 

ns 

tPLH, PHL 

Maximum Propagation Delay, 
Enable to any Output 


21 

35 

44 

51 

ns 

tTLH, THL 

Maximum Output Rise 
and Fall Time 


9 

15 

19 

22 

ns 

CpD 

Power Dissipation 

Capacitance 

Note 5 





pF 

C|N 

Minimum Input Capacitance 


5 

10 

10 

10 

pF 


Note S: CpD determines the no load dynamic power consumption, Po=(Cpd Vcc t+lcc Vcc. and the no load dynamic current consumption, 
is=Cpo Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MI\/I54HCT1 49/MM74HCT1 49 
8 Line to 8 Line Priority Encoder 


PRELIMINARY 



mIcroCMOS 


General Description 

This priority encoder is implemented in microCMOS Tech- 
nology, 3.0 micron silicon gate N-well CMOS. It has the high 
noise immunity and low power consumption typical of 
CMOS circuits, as well as the speeds and output drive simi- 
lar to LS-TTL. 

This priority, encoder ac cepts 8 inp ut request lines, Ri?- 
RiO, and outputs 8 lines, RO7-RO0. It is the logical combi- 
nation of a '148 8-3 line priority encoder driving a '138 3-8 
line decoder. Only one request output can be low at a time. 
The output that is low is dependent on the highest priority 
request input that is low. The order of priority is RI7 hi ghes t 
and RIO lowest. Also provided is and enable input, ROE, 
which when high forces all outputs high. A request o^put 
is also provided, ROP, which goes low when any Rl is 
active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 jitA maximum (74HCT series) 

■ Low input current: 1 p.A maximum 

■ Fanout of 10 LS-TTL loads 

■ Internal switched pull up resistors provided to reduce 
power consumption 


Connection Diagram 


Vcc 


Dual-ln-Line Package 


RQ1 


RQP 



RUF GND 


MM54HCT149/MM74HCT149 
54HCT1 49 ( J) 74HCT1 49 (J,N) 


Truth Table 


Inputs 

Outputs 

0 

1 

2 

3 

4 

5 

6 

7 

RQE 

0 

1 

2 

3 

4 

5 

6 

7 

RQP 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

•L 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 
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MM54/74HCT149 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vqut) -0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (T stg) - 65°C to +1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260‘’C 


Operating Conditions 


Min 

Supply Voltage (Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range (Ta) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 
(tr. tf) 


Max Units 

5.5 V 

Vcc V 

+ 85 °C 

+ 125 °C 

500 ns 


DC Electrical Characteristics Vcc=5V ±10% (unless othenvise specified) 


Symbol 

Parameter 

Conditions 

Ta=25»C 

74HCT 

Ta=-40 to 85°C 

54HCT 

Ta= -55 to125“C 

Units 


Guaranteed Limits 

VlH 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







Vqh 

Minimum High Level 

V|N = V|HorV|L 





H 


Output Voltage " 

|IoutI = 20;iA 

Vcc 

< 

o 

o 

1 

p 

Vcc -0.1 

< 

o 

o 

I 

p 

mM 



1 IqutI = 4.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

mM 



1 IqutI = 4.8 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

MM 

VOL 

Maximum Low Level 

V|N = V|HorV|L 







Voltage 

1 IqutI = 20 ;xA 

0 

0.1 

0.1 

0.1 

V 



1 IqutI = 4.o mA, Vcc = 4.5V 

0.2 



0.4 

■■ 



1 IqutI = 4.8 mA, Vcc = 5.5V 

0.2 



0.4 

MM 

l|N 

Maximum Input Current 

V|N = Vcc or GND, 


±0.1 

±1.0 

±1.0 

nA 



ViHorViL 






Icc 

Maximum Quiescent 

V|N = VccorGND 


8.0 

80 

160 

jliA 


Supply Current 

|qut=o mA 








V|n = 2.4V or 0.5V (Note 4) 





lifiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mwrc from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per input, other inputs held at Vcc or GND. 
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AC Electrical Characteristics vcc=5v. ta=25»c, cl=i5 pf, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed Limit 

Units 

fpHL, tPLH 

Maximum Propagation Delay ROE to any Output 


16 

28 

ns 

tPLH,tPHL 

Maximum Propagation Delay to^n (same Output) 


23 

32 

ns 

tpHL. tPLH 

Maximum Propagation Delay Rin to a different Output 


22 

30 

ns 


AC Electrical Characteristics Vcc = 5V±10%, Cl= 50 pf tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta= 

25°C 

74HCT 

Ta=- 40 to SS^C 

54HCT 

Ta=- 55 to125°C 

Units 

EB3 

I Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation Delay ROE to any Output 


la 

EO 

39 

46 

ns 

tpLH. tPHL 

Maximum Propagation Delay ^n to ^msame Output 


Hi 

Bn 

40 

48 

ns 

tpHL. fPLH 

Maximum Propagation Delay RIn to a different Output 


I3»l 

ESI 

44 

53 

ns 

tTHL. tTLH 

Maximum Output Rise and Fall Time 


m 

m 

19 

22 

ns 

CpD 

Power Dissipation Capacitance 

(Note 5) 





pF 

C|N 

Maximum Input Capacitance 


5 

m 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. arid the no load dynamic current consumption, 
ls = CpD Vcc f+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HCT155 


^National 

Semiconductor 

MM54HCT155/MM74HCT155 Dual 2-to-4 Line 


PRELIMINARY 



Decoder/Demultiplexers 

General Description 

The MM54HCT155/MM74HCT155 is a high speed silicon 
gate CMOS decoder/demultiplexer. It features dual 1-to-4 
line demultiplexers with independent strobes and common 
binary address inputs. When both sections are enabled by 
the strobes, the common address inputs sequentially 
select and route associated input data to the appropriate 
output of each section. The individual strobes permit ac- 
tivating or inhibiting each of the 4-bit sections as desired. 
Data applied to input C1 is inverted at its outputs and data 
applied to C2 is true through its outputs. The inverter follow- 
ing the C1 data input permits use as a 3-to-8 line decoder, or 
1-to-8 line demultiplexer, without gating. 

All inputs to the decoder are protected from damage due 
to electrostatic discharge by diodes to Vcc and ground. 
The device is capable of driving 10 low power Schottky TTL 
equivalent loads. 


The MM54HCT155/MM74HCT155 is functionally and pin 
equivalent to the 54LS155/74LS155 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. 


Features 

■ Applications: 

Dual 2-to-4 line decoder 
Dual 1-to-4 line demultiplexer 
3-to-8 line decoder 
1-to-8 line demultiplexer 

■ Typical propagation delay: 22 ns 

■ Low Quiescent current: 8 fiA maximum (74HC Series) 


Connection Diagram 


Truth Tables 


2-TO-4 LINE DECODER OR 1-TO-4 LINE DEMULTIPLEXER 


Dual-ln-Line Package 


SELECT 

DATA STROBE INPUT 
Vcc C2 G2 A 



STROBE SELECT JY3 1Y2 1Y1 1Y0 GNO 

input 

g OUTPUTS 


Inputs 

Outputs 

Select 

strobe 

Data. 

B A 

G1 

C1 

1Y0 

1Y1 

1Y2 

1Y3 

X x 

H 

X 

H 

H 

H 

H 

L L 

L 

H 

L 

H 

H 

H 

L H 

L 

H 

H 

L 

H 

H 

H L 

L 

H 

H 

H 

L 

H 

H H 

L 

H 

H 

H 

H 

L 

X X 

X 

L 

H 

H 

H 

H 


Inputs 

Outputs 




B A 

mivm 

■»w 

2Y0 

2Y1 

2Y2 

2Y3 

R^KI 

H 

H 

H 

H 

H 

H 

Hi 



L 

H 

H 

H 

L H 

H 

H 

H 

L 

H 

H 

H L 


H 

H 

H 

L 

H 

H H 



H 

H 

H 

L 

X X 

■i 

H 

H 

H 

H 

H 


3-TO-8 LINE DECODER OR 1-TO-8 LINE DEMULTIPLEXER 


Inputs 

Outputs 

Select 

Strobe 
or Data 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

IC 

B 

A 

IG 

2Y0 

2Y1 

2Y2 

2Y3 

1Y0 

1Y1 

1Y2 

1Y3 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 


IC = inputs Cl and C2 connected together 
Gl = inputs G1 and G2 connected together 
H = high level 
L = low level 
X = don’t care 
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Absolute Maximum Ratings(Notesiand2) Operating Conditions 


Supply Voltage (Vcc) - 0.5V to + 7.0V 

DCInputVoltage(ViM) - 1.5Vto Vcc+ 1-5V 

DCOutput Voltage(VouT) - 0.5V to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per Pin (lour) - 25 mA 

DC VccorGNDCurrent, perPin(lcc) 50mA 

Storage Temperature Range (Tstg) -65°Cto +150°C 

Power Dissipation (Pp) (Note 3) 500 mW 

LeadTemperature(TL)(Soldering, lOseconds) 300°C 



Min 

Max 

Units 

Supply Voltage (Vcc) 

4.5 

5.5 

V 

DC Input or Output Voltage j 

(V|N. Vqut) 

0 

! Vcc 

V 

Operating Temperature Range (T^) 
MM74HCT 

-40 

+ 85 

°C 

MM54HCT 

-55 

+ 125 

°C 

Input Rise/Fall Time 

(tr. tf) 


500 

ns 


DC Electricai Characteristics Vcc = 5V ± 10% unless otherwise specified 






Typ 

Guaranteed Limits 


Symbol 

Parameter 

Conditions 

Vcc 



74HCT 

54HCT 

Units 





T = 25»C 

T = 25“C 

T= -40®C to85°C 

T= -55‘>Cto125'’C 


V|H 

1 

Minimum High 
Level Input 
Voltage 


1 


2.0 

2.0 

2.0 

V 

V|L 

Maximum High 
Level Input 
Voltage 


1 


0.8 

0.8 

0.8 

V 

I 

o 

> 

Minimum High 

ViN = V|HorV|L 

■ 







Level Output 

IIqutI =20 //A 

■ 

Vcc 

Vcc — 0.1 

Vcc -0.1 

Vcc -0.1 

V 


Voltage 

1 ^outI ~ ^-0 rnA, Vcc “ 4.5V 

■ 


3.98 

3.84 

3.7 

V 



1 IoutI = 4.8 mA, Vcc = 5.5V 

■ 


4.98 

4.84 

4.7 

V 

VoL 

Maximum Low 

V|N = V|HorV|L 

■ 





■■ 


Level Output 

NoutI = 20 nA 

■ 


0.10 


0.1 



Voltage 

1 IoutI =4.0 mA, Vcc = 4.5V 

■ 


0.26 


0.4 




1 Iqut I = 4.8 m A, Vcc = 5.5V 

■ 


0.26 


0.4 

WM 

■ggi 

Maximum 

V|N = Vcc or GND 


|■||||||| 

±0.1 

±1.0 

±1.0 

aA 

■i 

Input Current 

ViN = V|HorV|L 








Maximum 

V|N = Vcc or GND 







■■ 

Quiescent 

louT = 0.0 nA (Note 4) 



8 

80 

160 

aA 

■ 

Supply Current 


■ 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified, all voltages are referenced to ground. 

Note 3: Power dissipation temperature deratings: plastic N package: - 12 mW/'C from 65°C to 85'C; ceramic J package: - 12 mW/'C from 100°C to 125°C. 
Note 4: Measured per input, other Inputs at Vcc or GND. 
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MM54/74HCT155 


AC Electrical Characteristics Vcc, temperature and loading of LS-TTL; Vcc = 5V, Ta = 25"C, Cl = 15 pF, 

tr = tf = 6ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tpLH> fPHL 

Maximum Propagation Delay from Inputs A, B, or C2 to any Output 


19 

30 

ns 

fpLH. tpHL 

Maximum Propagation Delay from Inputs G1 or G2 to any Output 


24 

35 

ns 

tpLH. fPHL 

Maximum Propagation Delay from Input Ci to any Output 


25 

35 

ns 


AC Electrical Characteristics 

Full range of Vcc 3nd temperature; Vcc = 5V ± 10%, Cl = 50 pF unless otherwise specified 





Typ 

Guaranteed Limits 


Symbol 

Parameter 

Conditions 

T = 25®C 

T = 25»C 

74HCT 

T= -40''C to 85“C 

54HCT 

T = - 55“C to125“C 

Units 

tpLH. tpHL 

Maximum Propagation Delay 
from Inputs A, B, or C2 to 
any Output 


21 

35 

44 

51 

ns 

IpLHi fpHL 

Maximum Propagation Delay 
from Inputs G1 or G2 to any 
Output 


26 

40 

50 

60 

ns 

fpLH. tPHL 

Maximum Propagation Delay 
from Input Ci to any Output 


27 

40 

50 

60 

ns 

ItLH. tlHL 

Maximum Output Rise and 
Fall Time 



15 

19 

22 

ns 

Cpp 

Power Dissipation 
Capacitance 

Note 5 





pF 

C|N 

Minimum Input Capacitance 


5 

10 

10 

10 

. PP 


Note 5: Cpo determines the no load dynamic power consumption, Po^Cpo Vcc^ t + ICC Vcc> and the no load dynamic current consumption, 
IS = Cp0Vcct+lcC- 


Logic Diagram 
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Nab'onal 

Semiconductor 


PRELIMINARY 


microCMOS 


MM54HCT157/MM74HCT157 Quad 2-Input Multiplexer 
MM54HCT158/MM74HCT158 Quad 2-Input Multiplexer 
(Inverted Output) 


General Description 

These high speed QUAD 2-to-1 LINE DATA SELECTOR/ 
MULTIPLEXERS utilize microCMOS Technology, 3.0 micron 
silicon gate N-well CMOS. They possess the high noise im- 
munity and low power consumption of standard CMOS inte- 
grated circuits, as well as the ability to drive 10 LS-TTL 
loads. 

These devices each consist of four 2-input digital multiplex- 
ers with common select and STROBE inputs. On the 
MM54HCT157/MM74HCT157, when the STROBE input is 
at logical “0” the four outputs assume the values as select- 
ed from the inputs. When the STROBE input is at a logical 
“1” the outputs assume logical "O”. The MM54HCT158/ 
MM74HCT158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re- 
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs. 


Connection Diagrams 

Dual-In-Line Package 

INPUTS OUTPUT INPUTS OUTPUT 
Vcc STROBE 4A 4B 4Y 3A 3B 3Y 
lie Its |l4 |l3 |l2 111 |l0 U 


The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic farni- 
iy. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 14 ns data to any output 

■ Power supply range: 5V±10% 

D Low power supply quiescent current: 80 jxA maximum 
(74HCT series) 

B Fan-out of 10 LS-TTL loads 
a Low input current: 1 juA maximum 
B Completely TTL compatible 



Dual-ln-Line Package 


INPUTS OUTPUT inputs OUTPUT 


Vcc STROBE 4A 4B 4Y 3A 3B 3Y 
|lS |l5 |l4 |l3 |l2 |l1 |l0 U 



G 

4A 

4B 

4Y 

3A 

3B 

S 





3Y 

.1A 

IB 

1Y 

2A 

2B 

2Y 



SELECT 1A IB 1Y 2A 20 2Y GND 

INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW tl/f, 

MM54HCT157/MM74HCT157 

54HCT1 57 ( J) 74HCT1 57 ( J,N) 

Function Table 


SELECT 1A IB 1Y 2A 2B 2Y GND 

INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-2 

MM54HCT158/MM74HCT158 

54HCT1 58 ( J) 74HCT1 58 ( J,N) 


Inputs 

Output Y 

strobe 

Select 

A B 

HCT157 

HCT158 

H 

X 

X X 

L 

H 

L 

L 

L X 

L 

H 

L 

L 

H X 

H 

L 

L 

H 

X L 

L 

H 

L 

H 

X H 

H 

L 


H = High Level, L = Low Level, X = Irrelevant 
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MM54/74HCT157 

MM54/74HCT158 


Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V , 

DC Input Voltage (V|n) -1.5 to Vcc+1-5V 

DC Output Voltage (Vqut) “ 0-5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) ~ 65°C to + 1 50°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T 0 (Soldering, 1 0 seconds) 260‘’C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC I nput or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Max Units 

5.5 V 

Vcc V 


+ 85 °C 

+ 125 °C 

500 ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25“C 

74HCT 

Ta=-40 to 85“C 

Ta = 

54HCT 
-55 to125°C 

Units 










Typ 


Guaranteed Limits 



V|H 

Minimum High Level 
Input Voltage 


■ 


2.0 

2.0 

2.0 


V|L 

Maximum Low Level 
Input Voltage 


■ 


0.8 

0.8 


0.8 

H 

Vqh 

Minimum High Level 

V|N = V|HOrV|L 



■1 




■B 


Output Voltage 

|loUTk20 ^A 

4.5V 



4.4 


4.4 




V|N = V|H orViL 
IIqutI^O mA 

4.5V 

4.2 


3.84 


3.7 




IIoutI^- 8 mA 

5.5V 

5.7 


4.84 


4.7 

V 

Vql 

Maximum Low Level 

V|N = V|H orViL 

wm 






■■ 


Output Voltage 

|IoutI^20 hA 


0 

0.1 

0.1 


0.1 




V|N=V|h orV|L 
IIqutI^-O mA 


0.2 

0.26 

0.33 


0.4 

H 



|louTl^-8mA 


0.2 

0.26 

0.33 


0.4 

■■ 

l|N 

Maximum Input 
Current 

V|N — Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

(lA 

Icc 

Maximum Quiescent 

V|N — Vcc or GND 

6.0V 


8.0 

80 


160 

fxA 


Supply Current 

IOUT = 0 mA 









Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/'C from 
100“C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HCT at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Icc. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should bo used. 
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AC Electrical Characteristics 

Vcc = 5V. Ta = 25‘'C. Cl = 15 pF. tr = t, = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 
Delay, Data to Output 


14 

20 

ns 

*PHL. fPLH 

Maximum Propagation 
Delay, Select to Output 


14 

20 

ns 

tpHL. tPLH 

Maximum Propagation 
Delay, Strobe to Output 


12 

18 

ns 


AC Electrical Characteristics Vcc = 5V±10%, Cl= 50 pF. tr=tf=6 ns (unless othenwise specified) 


Symboi 

Parameter 

Conditions 

Vcc 

Ta=25»C 

74HCT 

Ta=- 40 to 85°C 

54HCT 

Ta=- 55 t0l25°C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

1 

Maximum Propagation 
Delay, Data to Output 



13 

25 

32 

37 

ns 

tPHL. tPLH 

Maximum Propagation 
Delay, Select to Output 



13 

25 

32 

37 

ns 

fpHL. fPLH 

Maximum Propagation 
Delay, Strobe to Output 



12 

23 

29 

34 

ns 

tTLH. tTHL 

Maximum Output Rise 
and Fall Time 



8 

15 

19 

22 

ns 

C|N 

Maximum Input 
Capacitance 



5 

10 

10 

10 

pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 



■ 




pF 


Note 5: Cpo determines the no load dynamic power consumption, P 0 =Cpo Vcc^ l+lcc ^CC- **1® rio dynamic current consumption, 
is=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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NstionsI 

SemiconduclDr 

MM54HCT160/MM74HCT160 microCMOS^ 

Synchronous Decade Counter with Asynchronous Clear 
MM54HCT1 61 /MM74HCT1 61 

Synchronous Binary Counter with Asynchronous Clear 
MM54HCT162/MM74HCT162 

Synchronous Decade Counter with Synchronous Clear 
MM54HCT1 63/MM74HCT1 63 

Synchronous Binary Counter with Synchronous Clear 

General Description 


The MM54HCT160/74HCT160, MM54HCT161/74HCT161. 
MM54HCT162/74HCT162, MM54HCT163/74HCT163 syn- 
chronous presettable counters utilize microCMOS Tech- 
nology, 3.0 micron silicon gate N-well CMOS, and internal 
look-ahead carry logic for use in high speed counting 
applications. They offer the high noise immunity and low 
power consumption inherent to CMOS with speeds similarto 
low power Schottky TTL. The 'HCT160 and the ’HCT162 are 
4-bit decade counters, and the 'HCT 1 61 and the ’HCT163 are 
4-bit binary counters. All flip-flops are clocked simultaneously 
on the low to high to transition ( positive edge ) of the CLOCK 
input waveform. 

These counters may be preset using the LOAD input. Pre- 
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the data on the A, B, C, and D Inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 
operation will be unaffected. 

All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HCT162/ 
MM74HCT162 and MM54HCT163/MM74HCT163 counters 
are synchronous to the clock. That is, the counters are 
cleared on the positive edge of CLOCK while the clear input 
is held low. 


Connection Diagram 


RIPPLE OUTPUTS 

CARRY ■ ENABLE 

vcc OUTPUT Qa Ob Qc Oo t load 



CLEAR CLOCK A B 


54HCT1 60 (J) 74HCT1 60 ( J,N) 
54HCT161 (J) 74HCT161 (J.N) 
54HCT1 62 (J) 74HCT1 62 (J,N) 
54HCT1 63 ( J) 74HCT1 63 (J,N) 


The MM54HCT160/MM74HCT160 and MM54HCT161/ 
MM74HCT161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of the CLOCK. 

Two active high enable inputs (ENP and ENT) and a RIP- 
PLE CARRY (RC) output are provided to enable easy cas- 
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal In duration to 
the high level portion of the Qa output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen- 
tation of N-bit counters. 

These circuits are TTL input and output compatible and are 
plug in replaceable for ’LS16X Series counters. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ Typical operating frequency: 40 MHz 

■ Typical propagation delay: clock to Q: 18 ns 

■ Low quiescent current: 80 nA maximum (74HCT series) 

■ Low input current: 1 ^A maximum 

■ Wide power supply range: 2-6V 
B TTL Input Compatible Inputs 


Truth Tables 


’HCT160/HCT161 


CLK 

CLR 

ENP 

ENT 

Load 

Function 

X 

L 

X 

X 

X 

Clear 

X 

H 

H 

L 

H 

Count & RC disabled 

X 

H 

L 

H 

H 

Count disabled 

X 

H 

L 

L 

H 

Count & RC disabled 

T 

H 

X 

X 

L 

Load 

T 

H 

H 

H 

H 

Increment Counter 


H = high level. L = low level 
X = don't care, t = low to high transition 


’HCT162/HCT163 


CLK 

CLR 

ENP 

ENT 

Load 

Function 

T 

L 

X 

X 

X 

Clear 

X 

H 

H 

L 

H 

Count & RC disabled 

X 

H 

L 

H 

H 

Count disabled 

X 

H 

L 

L 

H 

Count & RC disabled 

r 

H 

X 

X 

L 

Load 


H 

H 

H 

H 

Increment Counter 
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MM54/74HCT160/161 

MM54/74HCT162/163 








MM54/74HCT160/161 

MM54/74HCT162/163 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vqijt) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc Of GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5 toVcc+1.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±25 mA 
±50 mA 
-65°Cto +150°C 
500 mW 


Lead Temperature (TJ (Soldering 10 seconds) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

DC Input Or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range (Ta) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


DC Electrical Characteristics Vcc=5V ±10% (unless otherwise specified) 


Ta=25“C 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

VoH 

Minimum High Level 
Output Voltage 

VoL 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

icc 

Maximum Quiescent 
Supply Current 


Conditions 



74HCT 54HCT 

TA=-40to85‘'C TA=-55to125”C 


Guaranteed Limits 



2.0 

2.0 

0.8 

0.8 

Vcc -0.1 

3.84 

4.84 

Vcc -0.1 

3.7 

4.7 

6.1 

0.1 



Vifg=Vcc Of GND, Vm or 
V|L 


V|(s|=VccorGND 
IOUT = O^A 


V|N = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from. 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100”C to 125'’C. 

Note: 4: This Is measured per Input with all other Inputs held at Vqc or ground. 
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AC Electrical Characteristics vcc=5v. ta=25'’c, cl=i5 pf, tr=tf=6 ns 


Conditions 


Symbol 

Parameter 

^MAX 

Maximum Operating Frequency 

tPHL 

Maximum Propagation Delay, Clock to RC 

tPLH 

Maximum Propagation Delay, Clock to RC 

tPHL 

Maximum Propagation Delay, Clock to Q 

tpLH 

Maximum Propagation Delay, Clock to Q 

*PHL 

Maximum Propagation Delay, ENT to RC 

fpLH 

Maximum Propagation Delay, ENT to RC 

tpHL 

Maximum Propagation Delay, Clear to Q or RC 

tREM 

Minimum Removal Time, Clear to Clock 

ts 

Minimum Set Up Time Clear, Load, 

Enable or Data to Clock 

tH 

Minimum Hold Time, Data from Clock 

tw 

Minimum Pulse Width Clock, 

Clear, or Load 



6 ns 

Guaranteed Limit 

Units 

30 

MHz 

36 

ns 

30 

ns 

34 

ns 

28 . 

ns 

32 

ns 

26 

ns 

38 

ns 

20 

ns 

30 

ns 

5 

ns 

16 

ns 


AC Electricai Characteristics Vcc=5V±10%, Cl=50 pF, tr=tf = 6 ns (unless otherwise specified) 


T =9R«r 74HCT 54HCT 

•A TA=-40to85“C TA=-55to125‘C 


Guaranteed Limits 


Symbol 

Parameter 

^MAX 

Maximum Operating 
Frequency 

tpHL 

Maximum Propagation 

Delay, Clock to RC 

tPLH 

Maximum Propagation 

Delay, Clock to RC 

tPHL 

Maximum Propagation 

Delay, Clock to Q 

‘PLH 

Maximum Propagation 

Delay, Clock to Q 

tPHL 

Maximum Propagation 

Delay, ENT to RC 

tpLH 

Maximum Propagation 

Delay. ENTtoRC 

tpHL 

Maximum Propagation 

Delay, Clear to Q or RC 

tREM 

Minimum Removal Time 

Clear to Clock 

ts 

Minimum Set Up Time 

Clear, Load, Enable 
or Data to Clock 

tH 

Minimum Hold Time 

Data from Clock 

tw 

Minimum Pulse Width 

Clock, Clear, or 

Load 

tTLH. tTHL 

Maximum 

Output Rise and 

Fall Time 

tr.tf 

Maximum Input Rise and 

Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input Capacitance 





Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls = CpD Vcc f+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HGT164 


^^National 

Semiconductor 

MM54HCT164/MM74HCT1 64 

8-i3it Serial-in/Parallel-out Shift Register 

General Description 

The MM54HCT164/MM74HCT164 utilize microCMOS Tech- The 54HCT/74HCT lo 
nology, 3.0 micron silicon gate N-well CMOS. It has the high pin-out compatible with 
noise immunity and low consumption of standard CMOS in- ly. All inputs are prote( 
tegrated circuits. It also offers speeds comparable to low charge by internal diod 
. power Schottky devices. MM54HCT/MM74HCT 

This 8-BIT SHIFT REGISTER has gated serial inputs and tyveen TTL and NMO£ 
CLEAR. Each register bit is a D-type master/slave flip flop. devices. These parts a 
Inputs A & B permit complete control over the incoming TTL devices and can b( 
data. A^ow at either or both inputs inhibits entry of new data in existing designs, 

and resets the first flip flop to the low level at the next clock 
pulse. A high level on one input enables the other input Features 
which will then determine the state of the first flip flop. Data ^ Typical propagation 
at the serial inputs may be changed while the clock is high ^ ^ow quiescent curre 

or low, but only information meeting the setup and hold time ^ . . 

requirements will be entered. Data is serially shifted in and , 

out of the 8-BIT REGISTER during the positive going Iran- " Fanout of 10 LS-TTl 
sition of the clock pulse. Clear is independent of the clock ■ compatibli 

and accomplished by a low level at the CLEAR input. 


microCMOS 


The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internai diode clamps to Vcc and ground. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 40 jitA maximum (74HCT series) 

■ Low input current: 1 jaA maximum 

■ Fanout of 10 LS-TTL loads 

■ TTL Input compatible 


Connection Diagram 

Dual-ln-Llne Package 


Truth Tabie 


Qe clear clock 



Inputs 

Outputs 

Clear 

Clock 

A 

B 

Qa 

Qb 

Qh 

L 

X 

X 

X 

L 

L 

L 

H 

L 

X 

X 

Qao 

Qbo 

Qho 

H 

T 

H 

H 

H 

Qao 

Pen 

H 

T 

L 

X 

L 

Qao 

Oon 

H 

T 

X 

L 

L 

Qao 

Qcn 


A B Pa Qb Oc Qq ono 

SERIAL INPUTS OUTPUTS 

TOP VIEW MM54HCT164/MM74HCTi64 
54HCT164(J) 74HCT164(J,N) 


H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

T = Transition from low to high level. 

Qao- Qbo> Qho = ttie level of Qa. Qb. or Qh, respectively, before the 
indicated steady state input conditions were established. 

Oar. Oon = T^tie level of Qa or Qq before the most recent t transition of 
the clock; indicated a one-bit shift. 


Logic Diagram 


SERIAL I A 
INPUTS I B 



Qq Qh 

TL/F/5315-2 




Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin {Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°Cto +150“C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


Operating Conditions 

Min 

Max 

Units 

Supply Voltage(Vcc) 4.5 

5.5 

V 

DC Input or Output Voltage 0 

Vcc' 

V 

(V)n.Vout) 

Operating Temperature Range(TA) 
MM74HCT -40 

+ 85 

"C 

MM54HCT -55 

+ 125 

°c 

Input Rise or Fall Times 

(tr.tf) 

. 500 

ns 


DC Electrical Characteristics 


Vcc=5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25'C 

74HCT 

Ta=-40 to 85'C 

54HCT 

TA=-55to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







VOH 

Minimum High Level 

V|N = V|H or V|L 







Output Voltage 

|IoutI = 20 p,A 

Vcc. 

< 

o 

o 

1 

p 

Vcc -0.1 

Vcc “0.1 

V 



1 IoutI = 4.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



1 IoutI = 4.8 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

V 

VoL 

Maximum Low Level 

ViN = V|H or V|L 







Voltage 

|IoutI = 20 ;iA 

0 

0.1 

0.1 

0.1 

V 



|louTh4.0 mA, Vcc = 4.5V 

0.2 

0.26 


0.4 

■■ 



|IoutI = 4.8 mA, Vcc = 5.5V 

0.2 

0.26 


0.4 

■■ 

■in 

Maximum Input 

V|iM = Vcc or GND 


±0.1 

±1.0 

±1.0 

fiA 


Current 







■cc 

Maximum Quiescent 

V|N ~ Vcc or GND 







Supply Current 

■oUT^O mA 


4.0 

40 

80 

fj.A 



V|n = 2.4V or 0.4V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic “J” package: -12 mW/'C from 
100°C to,125°C. 

Note 4: This is measured per pin. All other inputs are held at Vcc Ground. 
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MM54HCT164/74HCT164 


AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl=15 pF, tr=tf = 6 ns 


Symbol ’ 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Operating 
Frequency From Clock 
toQorQ 


50 

30 

MHz 

tPHL. tPLH 

Maximum Propagation 
Delay Clock to Q or Q 


20 

32 

ns 

tpHL. tPLH 

f 

Maximum Propagation 
Delay From Clear to Q 


24 

36 

ns 

tREM 

Minimum Removal Time, 
Preset or Clear to Clock 



20 

ns 

ts 

Minimum Set Up Time 

Data to Clock 


■ 

20 

ns 

tH 

Minimum Hold Time 

Clock to Data 


H 

5 

ns 

tw 

Minimum Pulse Width 
Clock, Preset or Clear 


10 

18 

ns 


AC Electrical Characteristics 

Vcc = 5.0V±10% Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta= 

25^ 

74HCT 

Ta=- 40 to 85°C 

54HCT 

Ta=- 55 tOl25°C 

Units 

Typ 

Guaranteed Limits 

fWAX 

Maximum Operating 
Frequency 



27 

21 

18 

MHz 

.tpHL. *PLH 

Maximum Propagation 
Delay From Clock to 

Q 


23 

37 

46 

54 

ns 

tPHL. tpLH 

Maximum Propagation 
Delay From Clear to Q 


27 

41 

51 

61 

ns 

tREM 

Minimum Removal Time 
Clear to Clock 



20 

25 

30 

ns 

ts 

Minimum Set Up Time 

Data to Clock 



20 

25 

30 

ns 

tH 

Minimum Hold Time 

Clock to Data 


0 

5 

0 

0 

ns 

tw 

Minimum Pulse Width 
Clock, or Clear 


10 

18 

22 

27 

ns 

tr, tf 

Maximum Input Rise and 
Fall Time 


■ 

500 

500 

500 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 


■ 

15 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per flip-flop) 


■ 



pF 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc* f+lcc Vcc. and the no load dynamic current consumption. 
ls=CpD Vcc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 


MM54HCT166/MM74HCT166 8-Bit Serial or Parallel 
Input/Serial Output Shift Register with Reset 


General Description 

These shift registers utilize microCMOS technology, 
3.0 micron silicon gate N-well CMOS. The MM54HCT166/ 
MM74HCT166 are 8-bit shift registers with an output from 
the last stage. Data may be loaded into the register in 
either parallel or serial form. 

When the shift/load input is low, the data is loaded asyn- 
chronously in parallel. When the shift/load input is high, 
the data is loaded serially on the rising edge of either 
Clock 1 or Clock 2 (see the Function Table). Reset is asyn- 
chronous and active low. 

The 2-input NOR clock may be used either by combining 
two independent clock sources or by designating one of 
the clock inputs to act as a clock inhibit. 

These devices are input and output characteristic and 
pinout compatible with standard 54LS/74LS logic fam- 
ilies. 54HCT/74HCT devices are intended to interface be- 


tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for 
LS-TTL devices and can be used to reduce power con- 
sumption in existing designs. 

All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

■ Wide power supply range: 2V-6V 

■ Low input current: 1 /lA maximum 

■ Low quiescent current: 80 /lA max (74HCT series) 

■ Fanout of 10 LS-TTL loads 
O TTL-compatible inputs 



Function Table and Connection Diagram 


Inputs 



Clock 2 

Serial 

Input 

X 

X 


Internal 
Stages 
Qa Qb 





^An Qcn 
Qah Qcn 


^An Qcn 
f^An Qgii 


no Change 


no change 


Operation 


Asynchronous Parallel Load 


Serial Shift via Clock 1 


Serial Shift via Clock 2 


Inhibited Clock 


No Clock 


Asynchronous Reset 


transition from iow to high 
^An-OGn = ^3*3 shitted from the preceding stage 


Oual-ln-Line Package 


PARALLEL 

SHin/ INPUT OUTUPT 
LOAD H Oh 


PARALLEL INPUTS 



PARALLEL INPUTS 


CLOCK CLOCK GND 
1 2 
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MM54/74HCT166 


Absolute Maximum Ratings (Notes i and 2) 

Operating Conditions 







Min 

Max 

Units 

Supply Voltage (Vcc) 

- 0.5V to + 7.0V 

Supply Voltage (Vcc) 

4.5 

5.5 • 

V 

DC Input Voltage (V|n) 

-1.5VtoVcc+1.5V 

DC Input or Output Voltage 




DC Output Voltage (Vqut) 

-0.5V to Vcc + 0.5V 

(V|N. Vqut) 

0 

Vcc 

V 

Clamp Diode Current (I|k, Iqk) 

±20 mA 

Operating Temperature Range (T^) 




DC Output Current, per Pin (Iqut) 

± 25 mA 

: MM74HCT 

-40 

+ 85 

"C 

DC VccorGND Current, per Pin (Ice) 

±50 mA 

MM54HCT 

-55 

+ 125 

“C 

Storage Temperature Range (Tstg) 

-65°Cto +150^ 

Input Rise or Fall Times 

(tr.tf) 


500 

ns 

Power Dissipation (Pd) (Note 3) 

500 mW 


LeadTemperature(TL)(Soldering,10seconds) 260“C 





DC Electrical Characteristics vcc=5v± 10% unless otherwise specified 





Symbol 

Parameter 

Conditions 

Ta 

=25®C 

74HCT 

Ta= -40“C to 85“C 

Ta = 

54HCT 

-SS^C to125®C 

Units 





Guaranteed Limits 


V|H 

Minimum High Level 
Input Voltage 



2.0 

2.0 

2.0 

V 

V|L 

Maximum Low Level 
Input Voltage 



0.8 

0.8 

0.8 

V 

VOH 

Minimum High Level 

V|N = V|HorV|L 








Output Voltage 

MoutI =20/tA 

Vcc 

Vcc -0.1 

Vcc -0.1 


Vcc -0.1 

V 



|IoutI=4.0 mA, Vcc = 4.5V 

4.2 

3.98 

3.84 


3.7 

V 



1 Iqut 1=4.8 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 


4.7 

V 

VoL 

Maximum Low Level 

V|N = V,H or V|L 








Voltage 

noUTl=20/iA 

0 

0.1 

0.1 


0.1 

V 



|IoutI=4.0 mA, Vcc = 4.5V 

0.2 




0.4 

V 



|IoutI=4.8 mA, Vcc = 5.5V 

0.2 




0.4 

V 

•in 

Maximum Input 

V|N = VccorGND, 


±0.1 . 

'±1.0 


±1.0 

mA 


Current 

V|HorV|L 








Maximum Quiescent 

ViN = VccorGND 


8 

80 


160 

11 A 

■1 

Supply Current 

Iout=0/*A 







■ 


V|N = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic "N” package; -12 mW/*C from 65'C to 85’C; ceramic "J" package; -12 mW/’C from 100”C 
to125'C. 

Note 4: Measured per pin, all other Inputs held at Vqq or GND. 
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AC Electrical Characteristics Vcc = sv, Ta = 25 °c, Cl= 15 pf, tr = tf = e ns (Note 6) 


Symbol 

Parameter 

Conditions 

TVp 

Guaranteed Limits 

Units 

^MAX 

Maximum Operating Frequency 


50 

30 

MHz 

'PHL. tpLH 

Maximum Propagation Delay H to Qh or Qh 


15 

25 

ns 

'PHL> tpLH 

Maximm Propagation Delay Serial 
Shift/Parallel Load to Qh 


13 

25 

ns 

tpHL. fpLH 

Maximum Propagation Delay 

Clock to Output 


15 

25 

ns 

tpHL. tPLH 

Maximum Propagation Delay Reset to Qh 


21 

30 

ns 

ts 

Minimum Set-Up Time Serial Input to Clock, 
Parallel or Data to Shift/Load 


10 

20 

ns 

's 

Minimum Set-Up Time Shift/Load to Clock 


11 

20 

ns 

ts 

Minimum Set-Up Time Clock Inhibit 
to Clock 


10 

20 

ns 

tH 

Minimum Hold Time Serial Input to Clock 
or Parallel Data to Shift/Load 



0 

ns 

tw 

Minimum Pulse Width Clock 



16 

ns 


AC Electrical Characteristics Vcc = 5V ± 10%, Cl= 50 pF, tr = tf = 6 ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

Ta = 25<'C 

II 

0 0 

0 

09 

U1 

0 

0 

54HCT 

Ta= -SS^C to125“C 

Units 

Typ 

Guaranteed Limits 

■ 

Maximum 

Operating 

Frequency 


45 

27 

21 

18 

MHz 

tpHLi tpLH 

Maximum 
Propagation 
Delay H to Qh 
orOn 


21 

30 

38 

45 

ns 

tpHL. tpLH 

Maximum 
Propagation 
Delay Serial 
Shift/Parallel 
Load to Qh 


21 

30 

38 

45 

ns 

tpHL. tpLH 

Maximum 
Propagation 
Delay Clock to 
Output 


21 

30 

38 

45 

ns 

tpHLi tpLH 

Maximum 
Propagation 
Delay, Reset 
to Qh 


24 

35 

44 

52 

ns 

ts 

Minimum 

Set-Up Time 
Serial Input to 
Clock or 

Parallel Data 
to Shift/Load 


11 

20 

25 

30 

ns 

ts 

Minimum 

Set-Up Time 

Shi ft/ Load to 
Clock 


12 

20 

25 

30 

ns 
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MM54/74HCT166 


AC Electrical Characteristics (Continued) 

Vcc = 5V± 10%, Cl = 50 pF, tr = tf = 6 ns unless otherwise specified 

Symbol 

Parameter 

Conditions 


74HCT 

Ta= - 40‘>Cto85'>C 

54HCT 

Ta= - 55®C to125'’C 

Units 

Typ 

Guaranteed Limits 

Is 

Minimum 

Set-Up Time 

Clock Inhibit 
to Clock 


11 

20 

25 

30 

ns 

Ih 

Minimum Hold 
Time Serial 

Input to Clock 
or Parallel 

Data to Shift/ 
Load 



0 

0 

6 

ns 

tw 

Minimum 

Pulse Width, 
Clock 


9 

16 

20 

24 

ns 

ItLH. tjHL 

Maximum 

Output Rise 
and Fall Time 


9 

15 

19 

22 

ns 

tr.tf 

Maximum 
, Input Rise and 
Fall Time 


■ 

500 

500 

500 

ns 

CpD 

Power 

Dissipation . 
Capacitance 
(Note 5) 

(Per Package) 

100 

1 



pF 


Maximum 

Input 

Capacitance 


5 

10 

10 

10 

pF 

Note 5: Cpp determines the no load dynamic power consumption, Pq^Cpd Vcq^ t + lcc ^CC' no load dynamic current 

consumption, 1$ = Cpo Vcc • + IcC- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits, 
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MM54/74HCT166 






MM54/74HCT169 



National 

Semiconductor 


PRELIMINARY 



MM54HCT169/MM74HCT169 4-Bit Up/Down Synchronous 
Binary Counter 


General Description 

These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power of CMOS logic while offering the high speed opera- 
tion and large output drive typically associated with 
bipolar circuits. This device is input compatible with the 
54LS/74LS and other TTL output compatible circuits, and 
may be used as a lower power direct replacement for the 
LS equivalent device. 

These counters are incremented or de crem ente d on the 
rising edge of the CLK, clock, input if ENT and ENP are 
held low. The counters increment when Uie U/D input is at 
a logic “1”, and will decrement when U/D is l ow. Th e ENT 
input is fed forward to enable the carry output. RCO, ripple 
carry output, once enabled, will produce a low level pulse 
while the count is 0 (down count mode) or when the count 
is all 1s (up mode). 

These count ers are presettable, that is, they may be loaded 
when LOAD is taken low and a rising edge appears on the 
CLK input. 


Connection Diagram 


The MM54HCT169/MM74HCT169 are functional, speed and 
pin equivalent to the equivalent LS-TTL circuit, and may be 
used as a direct replacement for the equivalent LS-TTL 1C. 
Its inputs are protected from damage due to electrostatic 
discharge by diodes from Vcc to ground. 

Features 

■ Wide power supply range: 4.57 to 5.5V 

■ Guaranteed TTL compatible input logic levels: 2.0V 
and 0.8V 

■ Wide operating frequency range: 30 MHz 

■ High output current drive: 6.0 mA min 

■ Low quiescent power consumption: 80 ;iA (74HCT) 




Dual-ln-Line Package 



TOP VIEW 

TUF/5766-1 
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MM54/74HCT169 






MM54/74HCT174 


National 

Semiconductor 


MM54HCT174/MM74HCT174 Hex D Flip-Flops with Clear 

General Description 

MM54HCT/MM74HCT devices are intended to interface 
TTL and NMOS components to CMOS components. When 
there is a LS-TTL equivaient, these parts can be used as 
plug-in repiacements to reduce system power consump- 
tion in existing designs. 


Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 maximum (74HCT series) 

■ Fanout of 10 LS-TTL loads 


The MM54HCT174/MM74HCT174 utilize 3.0 micron N-well 
microCMOS technology. They have input threshold and 
output drive similar to LS-TTL with the low standby power of 
CMOS. 

These positive edge-triggered flip-flops have a common 
clock and clear and independent Q outputs. Data on a D 
input, having the specified set-up and hold time, is trans- 
ferred to the corresponding Q output on the positive-going 
transition of the clock pulse. The asynchronous clear 
forces all outputs low when it is low. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 



PF^ELIMINARY 



microCMOS 


Connection Diagram 


Logic Diagram 


Dual-ln-Llne Package 

Vcc 06 06 05 05 04 04 CLOCK 



TOP VIEW 

TL/F/5763-1 

Truth Table (Each fiip-fiop) 


Inputs 

Outputs 

Clear 

Clock 

D 

Q 

L 

X 

X 

L 

H 

t 

H 

H 

H 

t 

L 

L 

H 

L 

X 

QO 


H = high level (steady-state) 

L= low level (steady-state) 

X = don’t care 

t = transition from low to high level 
Q0 = the level of Q before the indi- 
cated steady-state Input conditions 
were established. 





TL/F/57632 
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Absolute Maximum Ratings(Notesi and2) Operating Conditions 


Supply Voltage (Vcc) 

DC Input Voltage(Vifg) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k. Iqk) 

DC Output Current, per Pin (Iqut) 

DC Vcc or GND Current, per Pin (Ice) 
Storage Temperature Range (Tsjq) 
Power Dissipation (Pd) (Note 3) 


- 0.5V to + 7.0V 
-1.5VtoVcc+1-5V 
-0.5V to Vcc + 0.5V 
±20mA 
±25mA 
±50mA 
-65“Cto + 150°C 
^ 500 mW 


Max Units 


Lead Temperature (T J (Soldering, 1 0 seconds) 


Supply Voltage (Vcc) 

DC Input or Output Voltage 
(V|N. Vqut) 

Operating Temperature Range (T^) 
MM74HCT 
MM54HCT 

Input Rise or Fall Times 

(tr.tf) 


DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 


Ta = 25®C 


Symbol 



Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Conditions 



Minimum High Level 
Output Voltage 

ViN = V|HorV,L 

|Iout1 =20 iiA 
|IoutI=4.0 mA, Vcc = 4.5V 
|IoutI=4.8 mA, Vcc = 5.5V 

Maximum Low Level 
Voltage 

V|N = V|HOrV|L 

I IoutI = 20 /iA 

|IoutI=4.0 mA, Vcc = 4.5V 
1IoutI=4.8 mA, Vcc = 5.5V 

Maximum input 
Current 

V|N - Vcc O'" GND, 

ViHor V|L 

Maximum Quiescent 
Supply Current 

V||s| = Vcc GND 

Iout = 0mA 


V|n = 2.4V or 0.5V (Note 4) 


Vcc Vcc -0.1 
4.2 3.98 



74HCT 

Ta= -40‘’C to 85®C 

54HCT 

Ta= -55'C to125»C 

Uriits 

Guaranteed Limits 


2.0 

2.0 

V 

0.8 

0.8 

V 

< 

o 

o 

I 

p 

< 

o 

o 

1 

o 

V 

3.84 

3.7 

V 

4.84 

4.7 

V 

0.1 

0.1 

V 

0.33 

0.4 

V 

0.33 

0.4 

V 

±1.0 

±1.0 


80 

160 

^,A 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic "N" package: -12 mW/*C from 65“C to 85“C: ceramic "J" package: - 12 mW/'C from 100°C 
to125'C. 

Note 4: Measured per pin, all other inputs held at Vcc GND. 



AC Electrical Characteristics Vcc = sv, Ta = 25”c, Cl= is pF, t^ = tf = e ns (Note 6) 


Symboi 

Parameter 

^MAX 

Maximum Operating Frequency 

tpHL. tpLH 

Maximum Propagation Delay from Clock to Q 

tpHL. tPLH 

Maximum Propagation Delay from Clear to Q 

tREM 

Minimum Removal Time, Clear to Clock 

ts 

Minimum Set-Up Time D to Clock 

tH 

Minimum Hoid Time Clock to Q 

tw 

Minimum Pulse Width Clock or Clear 


Conditions 



Guaranteed 

Limits 

Units 

30 

MHz 

30 

ns 

30 

ns 

20 

ns 

20 

ns 

0 

ns 

16 

ns 
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MM54/74HCT174 


AC Electrical Characteristics Vcc = 5.0V ± 10%, Cl= 50 pF, tr = tf = 6 ns unless otherwise specified 


Symbol 

Parameter 

Conditions 

Ta=25“C 

74HCT 

Ta= -40»C to 85»C 

54HCT 

Ta= -55'>Cto125“C 

Units 




Typ 

Guaranteed Limits 


^MAX 

Maximum Operating 
Frequency 



27 

22 

18 


fPHL. tpLH 

Maximum Propagation 
Delay from Clock to Q 


22 

35 

44 

52 

ns 

tPHL. tpLH 

Maximum Propagation 
Delay from Clear to 0 


22 

35 

44 

52 

ns 

tREM 

Minimum Removal 

Time Clear to Clock 



20 

25 

30 

ns 

ts 

Minimum Set-Up Time 

D to Clock 


10 

20 

25 

30 

ns 

tH 

Minimum Hold Time 
Clock to D 


-3 

0 

0 

0 

ns 

tw 

Minimum Pulse Width 
Clock or Clear 



16 

20 

24 

ns 

tr.tf 

Maximum Input Rise 
and Fall Time 



500 

500 

500 

ns 

'tHL. tTLH 

Maximum Output Rise 
and Fall Time 



15 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(Per Flip-Flop) 


■ 



pF 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5; Cpo determines the no load dynamic power consumption, Pd = C'po Vcc^ t + lcc Vcc. aid the no load dynamic current consumotlon, 

■s = CpDVcct+ICC. 

Note 6: Refer to back of this section for Typical MM54/74HCT AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


microCMOS 


MM54HCT191/MM74HCT191 Synchronous Binary 
Up/ Down Counters with Mode Controi 

General Description 

These high speed synchronous counters utilize microCMOS Two outputs have been made avail 
technology, 3.0 micron silicon gate N-well CMOS. They cascading function; ripple clock and 
possess the high noise immunity and low power consumption count. The iatter output produces a hi 
of CMOS technology, along with the speeds of low power with a duration approximately eqi 
Schottky TTL. cycle of the clock when the countei 


These circuits are synchronous, reversible, up/down 
counters. The MM54HCT191/MM74HCT191 are 4-bit binary 
counters. 

Synchronous operation is provided by having all flip-flops 
clocked simultaneously so that the outputs change simul- 
taneously when so instructed by the steering logic. This 
mode of operation eliminates the output counting spikes 
normally associated with asynchronous (ripple clock) 
counters. 

The outputs of the four master-slave flip-flops are trig- 
gered on a low-to-high level transition of the clock input, if 
the enable input is low. A high at the enable input inhibits 
counting. Level changes at either the enable input or the 
down/up input should be made only when the clock jnput 
is high. The direction of the count is determined by the 
level of the down/up input. When low, the counter counts 
up and when high, it counts down. 

These counters are fully programmable: that is, the out- 
puts may be preset to either level by placing a low on the 
load input and entering the desired data at the data inputs. 
The output will change independent of the level of the 
clock input. This feature allows the.counters to be used as 
divide by N dividers by simply modifying the count length 
with the preset inputs. 


Connection Diagram 


Two outputs have been made available to perform 'the 
cascading function; ripple clock and maximum/minimum 
count. The latter output produces a high level output pulse 
with a duration approximately equal to one complete 
cycle of the clock when the counter overflows or under- 
flows. The ripple clock output produces a low level output 
pulse equal in width to the low level portion of the clock in- 
put when an overflow or underflow condition exists. The 
counters can be easily cascaded by feeding the ripple 
clock output to the enable input of the succeeding counter 
if parallel clocking is used, or to the clock input if parallel 
enabling is used. The maximum/minimum count output 
can be used to accomplish look-ahead for high speed 
operation. 

MM54HCT/MM74HCT devices are intended to interface 
between TTL and N MOS components and standard CMOS 
devices. These parts are also plug-in replacements for 
LS-TTL devices and can be used to reduce power con- 
sumption in existing designs. 

Features 

■ Typical propagation delay, clock to output: 24 ns 

■ Typical operating frequency: 50 MHz 

■ Wide power supply range: 2V-6V 

■ Low quiescent supply current: 80 maximum (74HCT 
series) 

n Low input current: 1 iiA maximum 

■ TTL compatible inputs 


Truth Table 


Dual-ln-Line Package 
RIPPLE MAX/ 

CLOCK CLOCK MIN LOAD 


|16 hs |l4 |l3 |12 111 


DATA DATA 

C 0 

ho h 




M 

|2 

|3 

h 

|5 


V 


DATA 

Ob 

Qa 

ENABLE 

DOWN/ 

Oc 

Qd 

GND 

B 



G 

UP 



TUF/5744-1 
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MM54HCT191/74HCT191 


Absolute Maximum Ratings(Notesiand2) 

SupplyVoltage(Vcc) - 0.5V to + 7.0V 

DC Input Voltage (V|n) - 1.5VtoVcc + 1.5V 

DC Output Voltage (Vqut) -0.5V to Vcc + 0.5V 

Clamp Diode Current (I IK, Iok) ± 20mA 

DC Output Current, per Pin (Iqut) ±25mA 

DC Vcc or G N D Cu rrent, per Pi n (I cc) ±50 m A 

Storage Temperature Range (Tstg) -65°Cto + 150*C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T L)(Soidering, 10 seconds) 260°C 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 4.5 5.5 V 

DC Input or Output Voltage 
(V|N, Vqut) 0 Vcc V 

Operating Temperature Range (Ta) 

MM74HCT -40 +85 “C 

MM54HCT -55 +125 °C 

Input Rise or Fall Times 

(tr, t,) 500 ns 


DC Electricai Characteristics Vcc = 5V± 10%. unless otherwise specified 


Symbol 

Parameter 

Conditions 

Ta 

= 25“C 

74HCT 

Ta= -40OC to85‘>C 

54HCT 

Ta= -SS^C to125®C 

Units 

ESI 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







VOH 

Minimum High Level 

V|N = V|HOr V|L 







Output Voltage 

1 IoOtI = 20 /iA 

Vcc 

Vcc -0.1 

Vcc “0.1 

Vcc -0.1 

V 



IIoutI =4.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



|IoutI= 4.8 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

V 

O 

> 

Maximum Low Level 

ViN = V|HorV|L 







Voltage 

I'outI - 2.0 hA 

0 

0.1 

0.1 

0.1 

V 



IIoutI =4.0 mA, Vcc = 4.5V 

0.2 


0.33 

0.4 

V 



IIoutI =4.8 mA, Vcc = 5.5V 

0.2 


0.33 

0.4 

V 

■mi 

Maximum Input 

V|N = Vcc Of gnd. 


±0.1 

±1.0 

±1.0 

mA 

■■ 

Current 

V|HorV|L 







Maximum Quiescent 

V|fg = Vqq or GND 


8 

80 

160 

mA . 

Wm 

Supply Current 

Iout = 0mA 






■ 


V|N = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic “N" package: -12 mW/'C from 65'C to SS'C; ceramic "J” package: -12 mW/°C from 100'C 
to125’C. 

Note 4: Measured per pin, all other inputs held at Vcc or GND. 
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AC Electrical Characteristics Ta = 25°C, Vcc = 5.0V, = tf = 6 ns, Cl= 15 pF unless otherwise specified (Note 6) 


Symbol 

Parameter 

From 

Input 

To 

Output 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

ffvlAX 

Maximum Clock Frequency 




40 

25 

MHz 

'PLH.fpHL 

1 

Propagation Delay Time 

Load 

D D 
o > 

O D 

D CD 


30 

50 

ns 

fpLH. fpHL 

Propagation Delay Time 

Data A, 
B.C, D 

o o 

o > 

o o 

O CD 


27 

40 

ns 


tpLH.tpHL Propagation Delay Time 


Propagation Delay Time 


tpLH.tpHL Propagation Delay Time 


tpLH.tpHL Propagation Delay Time 


tpLH.tpHL Propagation Delay Time 


fpHL-fpLH Propagation Delay Time 


tw(CLOCK) Width of Clock Load Input Pulse 


SET-UP Dsts S6t*Up Time 


Data Hold Time 



24 

ns 

36 

ns 

50 

ns 

45 

ns 

33 

ns 

33 

ns 

20 

ns 

20 

ns 

0 

ns 



AC Electrical Characteristics Vcc^SV ± 10 %, Cl = 50 pF, tr = lf = 6 ns unless otherwise specified (Note 6) 





tpLH, tpHL Propagation Delay Load Qa.Qb 
T ime Qc.Qd 


Qa. Qb 
Qci Qd 


Clock Ripple 
Clock 




tpLH, tpHL Propagation Delay Clock Qa.Qb 
T ime .Qc.Qd 


Propagation Delay Down/Up Ripple 
Time Clock 



fpLH. fpHL 

Propagation Delay 
Time 

fpHL. fpLH 

Propagation Delay 
Time 

tw 

Width of Clock, 
Load Input Pulse 

fsET-UP 

Data Set-Up Time 

tH 

Data Hold Time 

'thl. Itlh 

Maximum Qutput 
Rise and Fall 

Time 



74HCT 

Ta= -40‘’C to 85°C 

54HCT 

Ta= -55°C to125°C 

Guaranteed Limits 

15 

13 

72 

87 

57 

69 

37 

45 

55 

66 

72 

87 

66 

80 

50 

60 

50 

60 

25 

30 ' 

25 

30 

0 

0 

19 

22 
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M M54HCT1 91/74HCT1 91 


AC Electrical Characteristics 

(Continued) Vcc = 5V ± 10%, Cl = 50 pF, tr = tf = 6 ns unless otherwise specified (Note 6) 


Symbol 

Parameter 

From 

Input 

To 

Output 

Conditions 


74HCT 

Ta= -40'’C to BS^C 

54HCT 

Ta= -55°C to125°C 

Units 

Typ 


Guaranteed Limits 

t„t, 

Maximum Input 

Rise and Faii 

Time 

■ 



1 

500 

500 

500 

ns 

C|N 

Input Capacitance 




a 

m 

10 

10 

pF 

CpD 

Power Dissipation 
Capacitance 
(Note 5) 

■ 



100 

1 



pF 


Note 5: Cpo determines the no load dynamic power consumption, PD = Cpj) l + ^CC VCC> ®rid the no load dynamic current consumption, 

IS = CpD Vcc <+ IcC- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Timing Diagram 

HCT191 Synchronous Binary Counter Typical Load, Count, and Inhibit Sequence 



LOAD TL(F(5744 2 


Sequence: 

(1) Load (preset) to binary thirteen. (3) Inhibit. 

(2) Count up to fourteen, fifteen, zero, one, and two. (4) Count down to one, zero, fifteen, fourteen, and thirteen. 
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Logic Diagrams 


HCT191 



TUF/5744-3 

Pin 16 = Vqq, pin 8 = GND 
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MM54HCT191/74HCT191 


Logic Diagrams (Continued) 


HCT191 Binary Counters 



Pin 16 = VcC' pin 8 = GND 
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National 

Semiconductor 


MM54HCT193/MM74HCT193 
Synchronous BinaryUp/Down Counters 

General Description 


PRELIMINARY 


microCMOS 


These high speed synchronous counters utilize microCMOS 
technology, 3.0 micron silicon gate N-well CMOS to achieve 
the high noise immunity and low power consumption of 
CMOS technology, along with the speeds of low power 
Schottky TTL The MM54HCT193/MM74HCT193 is a binary' 
counterhaving two separate clock inputs, an UPCOUNTin- 
put and a DOWN COUNT input. All outputs of the flip-flops 
are simultaneously triggered on the low-to-high transition 
of either clock while the other input is held high. The direc- 
tion of counting is determined by which input is clocked. 

This device has TTL compatible inputs. It can drive 
15 LS-TTL loads. 

This counter may be preset by entering the desired data on 
the DATA A, DATA B, DATA C, and DATA D inputs. When 
the LOAD input is taken low, the data is loaded independ- 
ently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT191 can also be cleared. This is ac- 
complished by inputting a high on the CLEAR input. All 4 
internal stages are set to a low level independently of 
either COUNT input. 


Both a BORROW and CARRY output are provided to 
enable cascading of both up and down counting func- 
tions. The BORROW output produces a negative-going 
pulse when the counter underflows and the CARRY out- 
puts a pulse when the counter overflows. The counter can 
be cascaded by connecting the CARRY and BORROWout- 
puts of one device to the COUNT UP and COUNT DOWN 
inputs, respectively, of the next device.' 

All inputs are protected from damage due to static 
discharge by diodes to Vcc and ground. 


Features 

■ Typical propagation delay, clock to output: 18 ns 

■ Typical operating frequency: 27 MHz 

■ Wide power supply range: 2V-6\/ 

■ Low quiescent supply current: 80 /lA maximum (74HCT 
series) 

B Low input current: 1 nA maximum 
B TTL compatible inputs 



Connection Diagram 


Dual-ln-Line Package 


CLEAR BORROW CARRY 


Truth Tabie 



A 

CLEAR 

BORROW 

CARRY 

LOAD 

C 

B 


COUNT 

COUNT 


0 

Ob 

Oa 

DOWN 

UP 
A 

Oc 

Od 



OATA Ob Qa count COUNT Oc Od GNO 

B ' ' DOWN UP ■ ' ' 

input outputs ' . ' OUTPUTS 

INPUTS TL/F/5742 1 


Count 


, 


Up 

Down 




t 

H 

L 

H 

Count Up 

H 

t 

L 

H 

Count Down 

X 

X 

H 

X 

Clear 

X 

X 

L 

L 

Load 


H = high level 
L = low level 

I = transition from low-to-high 
X = don’t care 
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MM54/74HCT193 


Absolute Maximum Ratings(Notesi and2) 

Supply Voltage(Vcc) - O.SV to + 7.0V 

DC Input Voltage(ViN) - 1.5VtoVcc + 1:5V 

DC Output Voltage {Vqut) - 0.5V to Vcc + 0.5V 

Clamp Diode Current (l|K, Iqk) ± 20mA 

DCOutput Current, per Pin (Iqut) ±25mA 

DC Vcc or GND Current, per Pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°Cto + 150°C 

Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (TJtSoldering, 10 seconds) 260“C 


Operating Conditions 


Supply Voltage (Vcc) 

Min 

4.5 

Max 

5.5 

Units 

V 

DC Input or Output Voltage 
(V|n>Vout) 

0 

Vcc 

V 

Operating Temperature Range (Ta) 
MM74HCT 

-40 

+ 85 

“C 

MM54HCT 

-55 

+ 125 

°c 

Input Rise or Fall Times 

(tr, tf) 


500 

ns 


DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 



Ta = 25°C 




Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Voltage 


Maximum Input 
Current 


Maximum Quies 
Supply Current 


Ta= - AO^C to BS^C Ta = - SS'C to 125<*C 







V|N = 

V|Hor V|L 


Hout 

= 20 aA 


|l0UT 

= 4.0 mA, Vcc 

= 4.5V 

Hout 

= 4.8 mA, Vcc 

= 5.5V 

V|N = 

ViHorViL 


lloUT 

= 20;tA 


Pout 

= 4.0 mA, Vcc 

= 4.5V 

Pout 

= 4.8 mA, Vcc 

= 5.5V 

V|N = 

Vcc GND, 


|V|Hor V|L 


V|N = 

Vcc or GND 


•0UT = 

--OfiA 


V|N = 

2.4V or 0.5V (Note 4) 



Note 1: Absolute Maximum Ratings are those value's beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic "N” package: -12 mW/"C from 65"C to 85'C; ceramic "J” package: -12 mW/°C from 100°C 
to 125“C. 

Note 4: Measured per pin, all other inputs held at Vcc or GND. 
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AC Electrical Characteristics Ta = 25‘’C, Vcc = 5.0V, tr = tf = 6 ns, Cl = 15 pF unless otherwise specified (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

^MAX 

Maximum Clock Frequency 

Count Up 


25 

MHz 

Count Down 


25 

MHz 

tpLH 

Maximum Propagation Delay Low to High 

Count Up to CARRY 

17 

26 

ns 

tpHL 

Maximum Propagation Delay High to Low 

Count Up to CARRY 

18 

24 

ns 

tpLH 

Maximum Propagation Delay Low to High 

Count Down to BORROW 

16 

24 

ns 

tpHL 

Maximum Propagation Delay High to Low 

Count Down to BORROW 

15 

24 

ns 

tpLH 

Maximum Propagation Delay Low to High 

Count Up or Down to Q 

28 

40 

ns 

tpHL 

Maximum Propagation Delay High to Low 

Count Up or Down to Q 

36 

52 

ns 

tpLH 

Maximum Propagation Delay Low to High 

Load to Q 

30 

42 

ns 

tpHL 

Maximum Propagation Delay High to Low 

Load to Q 

40 

55 

ns 

tpHL 

Maximum Propagation Delay High to Low 

Clear to Q 

35 

47 

ns 

tw 

Minimum Pulse Width 

Clear 


16 

ns 

Load 


16 

ns 

Count Up/Down 


16 

ns 

tsD 

Minimum Set-Up Time 

Data to Load 

10 

20 

ns 

Ihd 

Minimum Hold Time 

Data to Load 

-3 

0 

ns 

tpEM . 

Minimum Removal Time 

Clear Inactive to Clock 


10 

ns 


AC Electrical Characteristics vcc = sv ± io%, Cl = 50 pf, tr = tf = e ns (Note o) 


Symbol 

Parameter 

Conditions 


74HCT 

Ta= -40'>Cto85°C 

54HCT 

Ta= -SS'C to125°C 

Units 

Typ 

Guaranteed Limits 

^MAX 

Maximum Clock Frequency 

Count Up 

25 

20 

16 

12 

MHz 

Count Down 

27 

20 

16 

12 

MHz 

fpLH 

Maximum Propagation 

Delay Low to High 

Count Up 
to CARRY 

13 

28 

35 

42 

ns 

fpHL 

Maximum Propagation 

Delay High to Low 

Count Up 
to CARRY 

16 

26 

33 

39 

ns 

fpLH. tpHL 

Maximum Propagation 

Delay 

Count Down 
to BORROW 

16 

26 

33 

39 

ns 

ItLH. tlHL 

Maximum Output Rise and 
Fall Time 


8 

15 

19 

22 

19 

ns 

ns 

tpLH 

Maximum Propagation 

Delay Low to High 

Count Up or 
Down to Q 

35 

43 

54 

65 

ns 

fpHL 

Maximum Propagation 

Delay High to Low 

Count Up or 
Down to Q 

35 

43 

54 

65 

ns 
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MM54/74HCT193 


AC Electrical Characteristics (continued) Vcc= 5 v±io%,CL= 50 pF,tr=tt= 6 ns(Note 6 ) 


Symbol 

Parameter 

Conditions 


74HCT 

Ta= -40'’C to85°C 

54HCT 

Ta= -55X to125<’C 

Units 

Typ 

Guaranteed Limits 

tpLH 

Maximum Propagation 
Delay Low to High 

Load to Q 

30 

40 

50 

60 

ns 

*PHL 

Maximum Propagation 
Delay High to Low 

Load to Q 

30 

40 

50 

60 

ns 

ipHL 

Maximum Propagation 
Delay High to Low 

Clear to Q 

30 

40 

50 

60 

ns 

tyv 

Minimum Puise Width 

Clear 

42 

IB 

20 

24 ' 

ns 

Load 

10 

IB 

20 

24 

ns 

Count Up/Down 

17 

16 

20 

24 

ns 

Clear ’HC193 

21 

16 

20 

24 

ns 

^SD 

Minimum Set-Up Time 

Data to Load 

10 • 

20 

25 

30 

ns 

^HD 

Minimum Hoid Time 

Data to Load 

-3 

0 

0 

0 

ns 

iREM 

Minimum Removal Time 

Clear Inactive 
to Clock 

-3 

10 

10 

10 

ns 

tr.t, 

Maximum Input Rise and 
Fail Time 



300 

300 

300 

ns 

ClN 

Input Capacitance 


5 

10 

10 

10 

pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 


100 

j 



pF 


Note 5: CpQ determines the no load dynamic power consumption, Pd = Cpd Vcc^ t + 'CC ^CC’ and, the no load dynamic current 
consumption, 1$ = Cpo Vqc * + ICC- 

Note 6; Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HCT193/MM74HCT193 Synchronous 4-Bit Up/Down Binary Counter 
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MM54/74HCT240 

MM54/74HCT241/244 



National 

Semiconductor 


MM54HCT240/MM74HCT240 


PRELIMINARY 



microCMOS 


Inverting Octal TRI-STATE® Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TR I -STATE Buffer 


General Description 

These TRI-STATE buffers utilize microCMOS Technology, 
3.0 micron silicon gate N-well CMOS, and are general pur- 
pose high speed inverting and non-inverting buffers. They 
possess high drive current outputs \which enable high speed 
operation even when driving large bus capacitances. These 
circuits achieve speeds comparable to low power Schottky 
devices, while retaining the low power consumption of 
CMOS. All three devices are TTL input compatible and have 
a fanout of 15 LS-TTL equivalent inputs. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT240/MM74HCT240 is an inverting buffer 
and the MM54HCT244/MM74HCT244 is non-inverting buff- 


er. Each device has two active low enables (1G and 2G), 
and each enable independently controls 4 buffers. 
MM54HCT241/MM74HCT241 is also a non-inverting buffer 
like the 244 except that the 241 has one active high enable, 
each again controlling 4 buffers. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and Ground. 

Features 

■ TTL input compatible 

B Typical propagation delay: 12 ns 

■ TRI-STATE outputs for connection to system buses 

■ Low quiescent current: 80 jxA 

■ Output current: 6 mA 


Connection Diagrams 

Dual-ln-Llne Packages 


Vcc 2G 1V1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2 A 1 



1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GNO 

TOP VIEW TL/L/5020-1 

MM54HCT240/MM74HCT240 
54HCT240 (J) 74HCT240 (J,N) 


Vcc 2° 2*3 <1^3 2A2 1Y4 2A1 



1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 


TOP VIEW TL/L/5020-2 

MM54HCT241/MM74HCT241 
54HCT241 (J) 74HCT241 (J,N) 


Vcc 2G 1Y1 2A4 1Y2 2A3 1V3 2A2 1Y4 2A1 



TOP VIEW TL/F/5327-1 

MM54HCT244/MM74HCT244 
54HCT244 (J) 74HCT244 (J,N) 


1-486- 



Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc+1-5V 

DC Output Voltage (Vqlit) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T l) (Soldering 1 0 seconds) 260°C 

DC Electricai Characteristics 

Vcc = 5V ±10% (unless otherwise specified) 


Conditions 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

Or.tf) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

VlL 

Maximum Low Level 
Input Voltage 

VqH 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 

Current 

bz 

Maximum TRI-STATE 
Output Leakage 
Current 

be 

Maximum Quiescent 
Supply Current 


Ta = 25°C 


74HCT 54HCT 

TA=-40to85°C TA=-55to125'C 


Guaranteed Limits 






V|N = V|HorV|L 


o 

c 

H 

ro 

o 

> 


o 

c 

H 

II 

o 

o 

> 

< 

E 

o 

«d 

4.5V 

I IburH 

Ks 

3 

> 

< 

o 

o 

II 

5.5V 

V|N = V|HOrV|L 


lbUTl = 

20 jxA 


Iburh 

o> 

o 

3 

> 

< 

o 

o 

II 

4.5V 

lbUTl = 

7.2 mA,Vcc= 

5.5V 

V|N = Vcc or GND, 


V|H orViL 


VoUT= 

Vcc 01’ GND 


G = V|h 



G = V|l 



V|N — Vcc or GND 


buT = C 

fjiA 


V|n = 2. 

4V or 0.5V (Note 4) 


Vcc Vcc -0.1 
4.2 3.98 


Vcc -0.1 

3.84 

4.84 


Vcc — 0.1 

3.7 

4.7 




I 


±0.1 

±1.0 

±1.0 

fxA 

±0.5 

±5.0 

±10 

fiA 

8.0 

80 

160 

fA 

1.0 

1.3 

1.5 

mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125“C. 

Note 4: Measured per input. All other inputs at Vcc or GND. 


Truth Tabies 

’HCT240 
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MM54/74HCT240 

MM54/74HCT241/244 


AC Electrical Characteristics mm54hct24o/mm74hct24o 

Vcc = 5.0V, tr = tf = 6 ns Ta = 25'C, (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tPHL. tPLH 

Maximum Output 
Propagation Delay 

Cl = 45 pF 

14 

18 

ns 

tpZL. fpZH 

Maximum Output 
Enable Time 

Cl = 45 pF 

Rl = 1 kfl 

20 

30 

ns 

tpLZ. tPHZ 

Maximum Output 
Disable Time 

Cl= 5 pF 
Rl=i kn 

16 

25 

ns 


AC Electrical Characteristics mm54hct24o/mm74hct24o 

Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Ta=25X 

74HCT 

TA=-40tO 85°C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

fpHL. fPLH 

Maximum Output 
Propagation Delay 

Cl = 50 pF 

14 

20 

25 

30 

ns 

Cl= 150 pF 

20 

28 

35 

42 

ns 

tpZH. tpZL 

Maximum Output 
Enable Time 

Rl=i kn 

Cl = 50 pF 

15 

30 

38 

45 

ns 

Cl= 150 pF 

26 

42 

53 

63 

ns 

tpHZ. <PLZ 

Maximum Output 
Disable Time 

RL=1kn 

Cl = 50 pF 

16 

25 

32 

38 

ns 

ttHL. 'TLH 

Maximum Output 

Rise and Fall Time 

Cl=50pF 

6 

12 

15 

18 

ns 

C|N 

Maximum Input 
Capacitance 


10 

15 

15 

15 

pF 

Gout 

Maximum Output 
Capacitance 


15 

20 

20 

20 

■ pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per output) Q=Vcc 

G = GND 

5 

90 

■ 



pF 

pF 


AC Electrical Characteristics mm54hct24i/mm74hct24i, mm54hct244/mm74hct244 

Vcc=5.0V, tr=tf=6 ns Ta= 25°C, (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ. 

Guaranteed 

Limits 

Units 

tpHLi tPLH 

Maximum Output 
Propagation Delay 

Cl = 45 pF 

14 

18 

ns 

tpZL. tpZH 

Maximum Output 
Enable Time 

Cl = 45 pF 
Rl=i kn 

20 

30 

ns 

tPLZ. fPHZ 

Maximum Output 
Disable Time 

Cl = 5 pF 
Rl=i kn 

16 

25 

ns 
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AC Electrical Characteristics mm54hct24i/mm74hct24i, mm54hct244/mm74hct244 

Vcc = 5.0V ±10%, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

tpHL. tPLH 

Maximum Output 
Propagation Delay 

tpZH. tpZL 

Maximum Output 
Enable Time 

tpHZ. tPLZ 

Maximum Output 
Disable Time 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 

C|N 

Maximum Input 
Capacitance 

Gout 

Maximum Output 
Capacitance 

CpD 

Power Dissipation 
Capacitance (Note 5) 


Ta = 25»C 


Conditions 


Cl = 50 pF 


Cl= 150 pF 


Rl=i kn 


Rl=i kn 
Cl = 50 pF 


Cl = 50 pF 


74HCT 54HCT 

Ta= -40to85'’C TA=-55to125°C 


Guaranteed Limits 


25 


Cl = 50 pF 


Cl=150 pF 



(per output) G = Vcc 
G = GND 


Nolo 5: CpD determines the no load dynamic power consumption, Pq = Cpo Vcc^ t + Icc Vcc.at'd the no load dynamic current consumption, Is = Cpp Vcc * + Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagrams 
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MM54/74HCT245 



National 

Semiconductor 


MM54HCT245/MM74HCT245 
Octal TRI-STATE® Transceiver 


PRELIMINARY 



microCMOS 


General Description 

This TRI-STATE bi-directional buffer utilizes microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS, and is 
intended for two-way asynchronous communication be- 
tween data buses. It has high drive current outputs which 
enable high speed operation even when driving large bus 
capacitances. This circuit possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. 

This device is TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vcc and ground. 
MMMHCT245/MM74HCT245 has one active low enable in- 
put (G), and a direction control (DIR). When the DIR input is 
high, data flows from the A inputs to the B outputs. When 
DIR is low, data flows from B to A. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ TTL Input Compatible 

■ Octal TRI-STATE outputs for /xP bus applications: 

6 mA, typ. 

■ High speed: 16 ns typical propagation delay 

■ Low Power: 80 jxA (74 Series) 


Connection Diagram 


Dual-ln-Line Package 

ENABLE 

Vcc G B1 B3 63 B4 BS Be B7 B8 



MM54HCT245/MM74HCT245 
54HCT245 (J) 74HCT245 (J,N) 


Truth Tabie 


Control 

Inputs 

Operation 

G 

DIR 

245 

L 

L 

B data to A bus 

L 

H 

A data to B bus 

H 

X 

isolation 


H = high level L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) “ 0.5 to Vcc + 0.5V 

Clamp Diode Current (l|K, Iqk) ± 20mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ±70 mA 

Storage Temperature Range (Tstg) -65°Cto +150‘’C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 


DC Electrical Characteristics 

(Vcc = 5V±10%, unless othen/vise specified.) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature RangefTA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

Iqz 

Maximum TRI- 
STATE Output 
Leakage Current 

Icc 

Maximum Quiescent 
Supply Current 


Conditions 


Ta=25X 


Typ 



|IoutI = 20 iiA 

IIoutI = 6.0 mA, Vcc = 4.5V 

jl0UTl = 7.2 mA, Vcc = 5.5V 


V|N = V|HOrV|L 

|IoutI = 20/hA 0 

|louTl = 6.0mA, Vcc = 4.5V 0.2 

I IoutI = 7.2 mA. Vcc = 5.5V 0.2 


V|N ~ ^CC Of GND, 
ViHorViL 


Vqut^’Vcc or GND 
G = V|h 


■ 


Guaranteed Limits 

2.0 

2.0 

2.0 

0.8 

0.8 

0.8 

Vcc “0.1 

3.98 

4.98 

Vcc “0.1 

3.84 

4.84 

Vcc “0.1 

3.7 

4.7 

0.1 

0.1 

0.1 



0.4 

0.4 

±0.1 

±1.0 

±1.0 

±0.5 

±5.0 

±10 

8 

80 

160 

1.0 

1.3 

1.5 




IoUT = 0 p,A 


Vin = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ali voitages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N" package: -12 mW/”C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per input. Ail other inputs at Vcc or ground. 
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AC Electrical Characteristics mm54hct245/mm74hct245 

Vcc = 5.0V, tr=tf=6 ns, Ta = 25°C, (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Output 
Propagation Delay 

Cl=45 pF 

16 

20 

ns 

tpZL. tpZH 

Maximum Output 
Enable Time 

Cl = 45 pF 
Rl=i kn 

29 

40 

ns 

fPLZ. fPHZ 

Maximum Output 
Disable Time 

Cl = 5pF 
Rl=i kn 

20 

25 

ns 


AC Electrical Characteristics mm54hct245/74hct245 

Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Ta=25‘“C 

74HCT 

Ta=-40 to 85‘C 

54HCT 

Ta=-55 tolZS'C 

Units 

Typ 

Guaranteed Limits 

tPHL. tPLH 

Maximum Output 
Propagation Delay 

Cl = 50 pF 

14 


29 

34 

ns 

Cl = 150 pF 

17 

IQ] 

38 

45 

ns 

fpZH. tpZL 

Maximum Output 
Enable Time 

Rl=i kn 

Cl = 50 pF 

31 

19 

53 

63 

ns 

Cl= 150 pF 

35 

19 

'62 

74 

ns 

tpHZ. fPLZ 

Maximum Output 
Disable Time 

Rl=i kn 

Cl=50pF 

18 

30 

38 

45 

ns 

tTHL. ItLH 

Maximum Output 
Rise and Fall Time 

Cl=50pF 

8 

12 

15 

18 

ns 

C|N 

Maximum Input 
Capacitance 


10 

15 

15 

15 

pF 

Gout 

Maximum Output 
Capacitance 


15 

20 

20 

20 

pF 

CpD 

Power Dissipation ' 
Capacitance 

(Note 5) G == Vcc 

G = GND 

7 

100 




pF 

pF 


Note 5: Cpo determines the no load power consumption, Pd=Cpd Vcc^ f+lcc Vcc- and the no load dynamic current consumption, ls = CpD Vcc 1+ Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


Logic Diagram 
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National 

Semiconductor 


MM54HCT257/I\/IM74HCT257 

Quad 2-Channel TRI-STATE® Multiplexer 


microCMOS 


General Description 

This QUAD 2-TO-1 LINE DATA SELECTOR/MULTIPLEXER 
utilizes microCMOS Technology, 3.0 micron silicon gate N- 
well CMOS. Along with the high noise immunity and low 
power dissipation of standard CMOS integrated circuits, it 
possesses the ability to drive LS-TTL loads. The large out- 
put drive capability coupled with the TRI-STATE feature 
make this device ideal for interfacing with bus lines in a bus 
organized system. When the OUTPUT CONTROL input line 
is taken high, the outputs of all four multiplexers are sent 
into a high impedance state. When the OUTPUT CONTROL 
line is low, the SELECT input chooses whether the A or B 
input is used. 


Connection and Logic Diagrams 

Dual-In-Line Package 

INPUTS INPUTS 

OUTPUT ■ . OUTPUT • OUTPUT 

Vcc CONTROL 4A 4B 4Y 3A 3B 3Y 

lie |is |l4 |l3 |l2 |ii |io Ib 


4A 4B 4Y 3A 3B 


1A IB 1Y 2A 2B 2Y 


SELECT 1A IB 1Y 2A 2B 2Y GNO 

^ ■ OUTPUT ■ ^ OUTPUT 

INPUTS INPUTS 

TOP VIEW TL/F/5329-1 

MM54HCT257/MM74HCT257 

54HCT257 (J) 74HCT257 (J,N) 


The 54HCT/74HCT logic family is speed, function, and pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 12 ns 

■ Wide power supply range: 2V-6V 

■ Low quiescent current: 80 ijlA maximum (74HCT series) 

■ TRI-STATE outputs for connection to system buses. 

■ Completely TTL compatible 


OUTPUT! 15) 
CONTROL"^ 
1A ' 




Truth Table 


Inputs 

Output Y 

Output 

Control 

Select 

A B 

H 

X 

X X 

Z 

L 

L 

L X 

L 

L 

L 

H X 

H 

L 

H 

X L 

L 

L 

H 

X H 

H 


H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 
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MM54/74HCT257 


Max Units 

6 V 

Vcc V 


+ 85 °C 

+ 125 °C 

500 ns 





Ta= 

= 25°C 

74HCT 

54HCT 


Symbol 

Parameter 

Conditions 

Ta=- 40 to 85°C 

Ta=- 55 to125°C 

Units 








Typ 


Guaranteed Limits | 


V|H 

Minimum High Level 
Input Voltage 



3.15 

3.15 

3.15 

V 

VlL 

Maximum Low Level 
Input Voltage 



0.9 

0.9 

0.9 

V 

Vqh 

Minimum High Level 

V|N = V|H orViL 

m 

■1 





Output Voltage 

|IoutI^20 jxA 

19 

B9 

4.4 

4.4 

V 



V|N=V|H or V|L 

IIqutI^S.O mA Vcc=4.5V 

H 

3.98 

3.84 

3.7 

V 



I*OUtI- 7-8 mA Vqq=5.5V 

m 

4.98 

4.84 

4.7 


Vql 

' Maximum Low Level 

ViN = V|HOrV|L 







Output Voltage 

lloUTkSO fiA 

0 

0.1 

0.1 

0.1 

V 



V|N=V|H0rV|L 

HoutJ^S.O mA Vcc=4.5V 

0.2 

0.26 

0.33 

0.4 

V 



|IoutI^7.8 mA Vcc=5.5V 

0.2 

0.26 

0.33 

0.4 


l|N 

Maximum Input 
Current 

V|N = VccorGND 


±0.1 

±1.0 

±1.0 

fiA 

■oz 

Maximum TR l-ST ATE 

VoUT=VccorGND 


±0.5 

±5.0 

±10 

fiA 


Output Leakage 

OC = V|H 






Icc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

fiA 


Supply Current 

IOUT=0 fiA 







Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N'’ package: -12 mW/'C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vm and V|l occur at Vcc = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|n) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|k. Iqk) 

DC Output Current, per pin (Iqlit) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5 toVcc+1.5V 
— 0.5 to Vcc + 0.5V 
±20 mA 
±35 mA 
±70 mA 
-65°Cto +150°C 
500 mW 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 
(tr.tf) Vcc = 4.5V 


Lead Temperature (TJ (Soldering 10 seconds) 


260-0 


DC Electrical Characteristics (Note 4) vcc = sv ±10% 
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AC Electrical Characteristics Vcc=5V. 1^=25 ° C,Cl=45 pF, tr=t, =6 ns (unless otherwise noted.) 


Typ 


Symbol 

1 ^ 

Parameter 

^PHL, 'PLH 

Maximum Propagation 

Select to any Output 

'PHL, 'PLH 

Maximum Propagation Delay 

A or B to any Output 

*PZH' 'PZL 

Maximum Enable Time 

*PHZ' ¥lz 

Maximum 1 



Rl = 1 kn 


Rl = 1 kll 
Cl=5pF 


Guaranteed 

Limit 

Units 

30 

ns 

38 

ns 

30 

ns 

25 

ns 



AC Electrical Characteristics Cl = 50 pF (unless otherwise noted. 


Symbol 

Parameter 

tpHL- tpLH 

Maximum Propagation 
Delay, Select to any 
Output 

■ 'PHL- tpLH 

Maximum Propagation 
Delay, A or B to any 
Output 

tpZH’ VZL 

Maximum Enable to 
any Output 

tpHZ' 'PLZ 

Maximum Disable Time 

^THL- ^TIH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 
Capacitance (Note 5) 

C|N 

Maximum Input 
Capacitance 


Condition 


Cl = 150pF 



74HCT 

54HCT 

C 

TA=-40°Cto 85° C 

Ta= -55 to 1 25° C 


Guaranteed Limits 






Note 5: Cpo determines the no load dynamic power consumption, Pq = Cpp Vcc2 Vcc- and the no load dynamic current consumption. 

Is = CpQ Vcc *+lcC' 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54/74HCT273 


National 
Semiconductor 

M M54HCT273/ M M74H CT273 
Octal D Flip-Flop with Clear 

General Description 

The MM54HCT273/MM74HCT273 utilizes 3.0 micron N-well 
microCMOS technology. It has input threshold and output 
drive similar to LS-TTL with the low standby power of CMOS. 

These positive edge-triggered flip-flops have a common 
clock and clear and independent Q outputs. Data on a D in- 
put, having the specified set-up and hold time is trans- 
ferred to the corresponding Q output on the positive-going 
transition of the clock pulse. The asynchronous clear 
forces all outputs low when it is low. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


PRELIMINARY 



microCMOS 


MM54HCT/MM74HCT devices are intended to interface TTL 
and NMOS components to CMOS components. These parts 
can be used as plug-in replacements to reduce system power 
consumption in existing designs. 


Features 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 nA maximum (74HCT series) 

■ Fanout of 10 LS-TTL loads 



Connection Diagram 


Logic Diagram 


Dual-ln-Line Package 

Vcc D3 D8 07 07 R6 06 06 05 CLOCK 



Truth Table (Each Flip-Flop) 


Inputs 

Outputs 

Clear 

Clock 

D 

Q 

L 

X 

X 

L 

H 

t 

H 

H 

H 

t 

L 

L 

H 

L 

X 

QO 


H = high level (steady-state) 

L = low level (steady-state) 

X = don’t care 

t = transition from low to high level 
Q0 = the level of Q before the indi- 
cated steady-state input conditions 
were established. 
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Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage(Vcc) - 0.5V to + 7.0V 

DC Input Voltage(Vifg) - 1.5VtoVcc + l-SV 

DC Output Voltage (Vqut) “ 0-5V to Vcc + 0.5V 

Clamp Diode Current (I ik, Iqk) - 20 mA 

DC Output Current, per Pin (Iqut) - 25 mA 

DC Vcc or GND Current, per Pin (Icc) - 50 mA 

StorageTemperature Range(TsTG) -65°Cto +150°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering, lOseconds) 260‘’C 


Operating Conditions 

Min 

Max 

Units 

Supply Voltage (Vcc) 

DC Input or Output Voltage 

4.5 

5.5 

V 

(ViN. Vqut) 

Operating Temperature Range (T^) 

0 

Vcc 

V 

MM74HCT 

-40 

+ 85 

“C 

MM54HCT 

-55 

+ 125 

°c 

Input Rise or Fall Times 




(tr. tf) 


500 

ns 


DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 


Symbol 

Parameter 

Conditions 

■ 


74HCT 

T;;= - 40'>C to BS'C 

54HCT 

Ta= -SS^C to125‘’C 

Units 





Guaranteed Limits 


V|H 

Minimum High Level 
Input Voltage 



2.0 

2.0 

2.0 

V 

V|L 

Maximum Low Level 
Input Voltage 



0.8 

0.8 

0.8 

V 

I 

o 

> 

Minimum High Level 

> 

o 

X 

> 

II 

z 

> 







Output Voltage 

lloUTl=20/iA 

Vcc 

Vcc -0.1 

< 

o 

o 

o 

< 

o 

o 

I 

p 

V 



IIqutI =4.0 mA, Vcc = 4.5V 

4.2 

3.98 

3.84 

3.7 

V 



IIoutI =4.8 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 

4.7 

V 

_i 

o 

> 

Maximum Low Level 

V|N = V|HorV|L 







Voltage 

1 IqutI = 20 /iA 

0 

0.1 

0.1 

0.1 

V 



IIqutI =4.0 mA, Vcc = 4.5V 

0.2 

0.26 

0.33 

0.4 

V 



IIqutI =4.8 mA, Vcc = 5.5V 

0.2 

0.26 

0.33 

0.4 

V 

mm 

Maximum Input 

ViN = Vqc or GND, 


±0.1 

±1.0 

±1.0 


mU 

Current 

V|Hor V|L 







Maximum Quiescent 

^IN “ ^cc or GND 


8 

.80 

160 

mA 

— 1 

Supply Current 

Iqut = 8 rrA 








V|N = 2.4V or 0.5V (Note 4) 





mA 


Note1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating— plastic “N" package; - 12 mW/°C from 65°C to 85°C; ceramic “J" package: - 12 mW/°C from 100°C 
to 125°C. 

Note 4: Measured per pin, all other inputs held at Vcc or GND. 


1-497 


MM54/74HCT273 


























































MM54/74HCT273 


AC Electrical Characteristics Vcc = sv, Ta = 25-c, cl = 15 pF, = tf = e ns (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

^MAX 

Maximum Operating Frequency 


50 

30 

MHz 

tpHL> fpLH 

Maximum Propagation Delay from Clock to Q 


18 

30 

ns 

tpHL. f PLH 

Maximum Propagation Delay from Clear to Q 


18 

30 

ns 

tpEM 

Minimum Removal Time, Clear to Clock 



20 

ns 

ts 

Minimum Set-Up Time D to Clock 


10 

20 

ns 

tH 

Minimum Hold Time Clock to D 


-3 

0 

ns 

tw 

Minimum Pulse Width Clock or Clear 


8 

16 

ns 


AC Electrical Characteristics Vcc = 5.0V± 10%, Cl = 50 pF, t|. = tf = 6 ns unless otherwise specified (Note6) 


Symboi 

Parameter 

Conditions 


74HCT 

Ta= -40'’Cto85'’C 

54HCT 

Ta= -SS^C to125°C 

Units 




Typ 

Guaranteed Limits 


ffVlAX 

Maximum Cperating 
Frequency 



27 

22 

18 

MHz 

fpHL> tpLH 

Maximum Propagation 
Delay from Clock to 0 


22 

35 

44 

52 

ns 

<PHL. tpLH 

Maximum Propagation 
Delay from Clear to 0 


22 

35 

44 

52 

ns 

Irem 

Minimum Removal 

Time Clear to Clock 



20 

25 

30 

ns 

m 

Minimum Set-Up Time 

D to Clock 


10 

20 

25 

30 

ns 

■ 

Minimum Hold Time 
Clock to D 


-3 

0 

0 

0 

ns 

■ 

Minimum Pulse Width 
Clock or Clear 



16 

20 

24 

ns 

fri f f 

Maximum Input Rise 
and Fall Time 



500 

500 

500 

ns 

tTHL> fTLH 

Maximum Cutput Rise 
and Fall Time 


I 

j 

15 

19 

22 

ns 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(Per Flip-Flop) 

! 

1 

1 




pF 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd = Cpd Vcc^ * + Icc ^cC’ ^nd the no load dynamic current consumption, 
ls = CpD Vcc •+ ICC- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 


MM54HCT299/MM74HCT299 

8-Bit TRI-STATE® Universal Shift Register 

General Description 


This 8-bit TRi-STATE shift/storage register utilizes 
microCMOS technology, 3.0 micron silicon gate N-well 
CMOS. Along with the low power consumption and high 
noise immunity of standard CMOS integrated circuits, it 
has the ability to drive 15 LS-TTL loads. This circuit also 
features operating speeds comparable to the equivalent 
low power Schottky device. 

The MM54HCT299/MM74HCT299 isTTL input compatible. 
It features multiplexed inputs/outputs to achieve full 8-bit 
data handling in a single 20-pin package. Due to the large 
output drive capability and TRI-STATE feature, this device 
is ideally suited for interfacing with bus lines in a bus 
oriented system. 

Two function select inputs and two output control inputs 
are used to choose the mode of operation as listed in the 
function table. Synchronous parallel loading is accom- 
plished by taking both function select lines, SO and SI, high. 
This places the TRI-STATE outputs in a high impedance 
state, which permits data applied to the input/output lines 


to be clocked into the register. Reading out of the register 
can be done while the outputs are enabled in any mode. A 
direct overriding CLEAR input is provided to clear the 
register whether the outputs are enabled or disabled. 

The MM54HCT/MM74HCT devices are intended to inter- 
face between TTL and NMOS components and standard 
CMOS devices. These devices are also plug-in replace- 
ments for LS-TTL devices and can be used to reduce power 
consumption in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

n TRI-STATEable I/O 

■ Output drive capability: 15 LS-TTL loads 

■ Cascadable for n-bit word lengths 
B Clock-independent clear 


Connection Diagram 


Vcc SI 

ho 1 19 


Dual-In-Line Package 


SHIFT 

RIGHT 

Qh' h/Qm f/Of d/Qd b/qb clock SR 

|l7 |l6 |l5 |l4 |l3 |l2 111 



|1 |2 |3 


|5 


|7 

|8 

|9 

|10 

SO Si G2 

B/Qb 

E/Qe 

C/Qc 

A/Qa 

Da' 

CLEAR 

GND 

OUTPUT 








CONTROLS 







TL/F/5746-1 

TRI-STATE’ is a registered trademark of National Semiconductor Corp. 
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MM54/74HCT299 


Function Table 


Mode 

Inputs 

inputs/Outputs 


Clear 

Function 

Select 

Output 

Control 

Clock 

Serial 

SL SR 

A/Qa B/Qb 

C/Qc D/Qd 

E/Qe 

F/Qp 

G/QgH/Qh 

Qa' 

Qh' 

SI 

SO 

eit e2t 

Clear 

mm 

n 


n 

Bfl 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 


■■ 

D 


D 

■■ 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Hold 

H 

n 

n 

n 

Bfl 

X 

X 

X 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qpo 

Qqo 

Qho 

Qao 

Qho 


H 

D 

D 

n 

BB 

LorH 

X 

X 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qpo 

Qgo 

Qho 

Qao 

Qho 

Shift Right 

H 

D 


n 

BB 

■B 

X 

H 

H 

Qah 

Qsn 

Qcn 

Qon 

Qpn 

Qpn 

Qcn 

H 

Qgn 


H 

D 


n 

BB 

■B 

X 

H 

L 

Qao 

Qbo 

Qcn 

Qon 

Qpn 

Qpn 

Qcn 

L 

Qgn 

Shift Left 

■ H 

H 

D 


bb 

■B 

B 

B 

Qan 

Qcn 

Qon 

Qeo 

QFn 

Qcn 

Qnn 

H 


EB 


H 

H 

B 

n 

BB 

■B 

B 

B 

Qan 

Qcn 

Qon 

Qeo 

Qpn 

Qcn 

QHn 

H 

ell 


Load 

H 

H 

H 


X 

1 * 1 

X 

X 

a 

b 

C 

d 

e 

f 

g 

h 

a 

n 


^When one or both controls are high, the eight input/oulput terminals are disabled to the high Impedance state; however, sequential operation or clearing 
of the register Is not affected. 
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National 

mjA Semiconductor 

MM54HCT323/MM74HCT323 

8-Bit TRI-STATE® Universal Shift Register 


PRELIMINARY 



General Description 


This 8-bit TRI-STATE shift/storage register utilizes 
microCMOS technology, 3.0 micron silicon gate N-well 
CMOS. Along with the low power consumption and high 
noise immunity of standard CMOS integrated circuits, it 
has the ability to drive 15 LS-TTL loads. This circuit also 
features operating speeds comparable to the equivalent 
low power Schottky device. 

The MM54HCT323/MM74HCT323isTTL input compatible. 
It features multiplexed inputs/outputs to achieve full 8-bit 
data handling in a single 20-pin package. Oue to the large 
output drive capability and JRl-STATE feature, this device 
is ideally suited for interfacing with bus lines in a bus 
oriented system. 

Two function select inputs and two output control inputs 
are used to choose the mode of operation as listed in the 
function table. Synchronous parallel loading is accom- 
plished by taking both function select lines, SO and SI, high. 
This places the TRI-STATE outputs in a high impedance 
state, which permits data applied to the input/output lines 


to be clocked into the register. Reading out of the register 
can be done while the outputs are enabled in any mode. A 
synchronous CLEAR input is provided to clear the register 
whether the outputs are enabled or disabled. 

The MM54HCT/MM74HCT devices are intended to inter- 
face between TTL and NMOS components and standard 
CMOS devices. These devices are also plug-in replace- 
ments for LS-TTL devices and can be used to reduce power 
consumption in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vqc ground. 

Features 

Q TRI-STATEable I/O 

B Output drive capability: 15 LS-TTL loads 
n Cascadable for n-bit word lengths 
B Synchronous clear 


Connection Diagram 


Dual-In-Line Package 


SHIR SHIR 

LER RIGHT 

Vcc SI SL Qh H/Qh F/Qf D/Qo B/Qb CLOCK SR 



OUTPUT 

CONTROLS TL/F/5745-1 


TRI-STATE* is a registered trademark of National Semiconductor Corp. 
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MM54/74HCT323 


Function Table 


Mode 

Inputs 

Inputs/Outputs 

Outputs 

Clear 

Function 

Select 

Output 

Control 

Clock 

Serial 

SL SR 

A/Qa 

B/Qb C/Qc 

D/Qd 

E/Qe 

F/Qp 

G/Qg 

H/Qh 

Qa' 

Qh' 

SI 

SO 

G2t 

Clear 

mm 

n 

n 

n 

mm 

■B 

X 

B 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 


mm 

n 


B 

■■ 

BB 

mm 

B 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Hold 

H 

n 

n 

n 

mm 

X 

X 

B 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qpo 

Qgo 

Qho 

Qao 

Qho 


H 

X 

D 

B 

■■ 

LorH 

X 

B 

Qao 

Qbo 

Qco 

Qdo 

Qeo 

Qpo 

Qgo 

Qho 

Qao 

Qho 

Shift Right 

H 

n 


n 

n 

bb 

X 

H 

H 

Qao 

QBn 

Qcn 

Qon 

Opn 

Qpn 

QGn 

H 

Qgn 


H 

D 


B 

Bi 

BB 

X 

H 

L 

^An 

QBn 

Qcn 

Qon 

Qpn 

Qpn 

QGn 

L 

Qgn 

Shift Left 

H 

H 

D 

n 

mm 

bb 

H 

X 

Qsn 

Qcn 

Qon 

Qen 

Qpn 

QGn 

Ohn 

H 

Qsn 

H 


H 

H 

B 

B 

■■ 

BB 

L 

X 

Qen 

Qcn 

Qon 

^En 

Qpn 

Qcn 

Ohn 

H 

Qsn 

L 

Load 

H 

H 

H 


X 

f 

X 

X 

a 

b 

C 

d 

e 

f 

g 

h 

a 

h 


^When one or both controls are high, the eight input/output terminals are disabled to the high Impedance state; however, sequential operation or clearing 
of the register Is not affected. 
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National 

Semiconductor 


MM54HCT373/MM74HCT373 
TRI-STATE® Octal D-Type Latch 
MM54HCT374/I\/II\/I74HCT374 
TRI-STATE Octal D-Type Flip-Flop 


PRELIMINARY 


microCMOS 


General Description 

The MM54HCT373/MM74HCT373 Octal D-TYPE LATCH- 
ES and MM54HCT374/MM74HCT374 Octal D-TYPE FLIP 
FLOPS utilize microCMOS Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
low power consumption and wide power supply range, but 
are LS-TTL input and output characteristic & pinout compat- 
ible. The TRI-STATE outputs are capable of driving 15 LS 
TTL loads. All inputs are protected from damage due to 
static discharge by internal diodes to Vcc and ground. 
When the MM54HCT373/MM74HCT373 LATCH ENABLE 
input is high, the Q outputs will follow the D inputs. When 
the LATCH ENABLE goes low, data at the D inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

The MM54HCT374/MM74HCT374 are positive edge trig- 
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are transferred to the Q outputs on 
positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless of 


Connection Diagrams 

Dual-ln-Llne Package 

Vcc 8Q 8D 70 70 60 60 SO SO LE 

I 20 1 19 I 18 1 17 lie I 15 1 14 1 13 I 12 111 


what signals are present at. the other inputs and the state of 
the storage elements. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ TTL input characteristic compatible 
n Typical propagation delay; 20 ns 

B Low input current: 1 ^A maximum 
□ Low quiescent current: 80 /xA maximum 
n Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 



Dual-ln-Line Package 

Vcc 80 80 70 70 60 60 SO SO CK 

I 20 1 19 I IS I 17 I 16 I 15 1 14 I 13 I 12 111 



|l |2 |3 |4 |S |6 |7 |a |9 |10 

|l |2 |3 |4 |5 |6 |7 |b |9 | 10 

OC 10 10 20 20 30 30 40 40 GNO 

OC 10 10 20 20 30 30 40 40 GNO 

TL/F/5367-1 

TL/F/5367-2 

MM54HCT373/MM74HCT373 

MM54HCT374/MM74HCT374 

54HCT373 (J) 74HCT373 (J,N) 

54HCT374 (J) 74HCT374 (J,N) 


1-503 


MM54/74HCT373 

MM54/74HCT374 









MM54/74HCT373 

MM54/74HCT374 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Vcc) 

DC Input Voltage (V|m) 

DC Output Voltage (Vqut) 

Clamp Diode Current (I|k, Iqk) 

DC Output Current, per pin (Iqut) 

DC Vcc or GND Current, per pin (Ice) 
Storage Temperature Range (Tstg) 
Power Dissipation (Pq) (Note 3) 


-0.5 to +7.0V 
-1.5toVcc + t.5V 
-0.5 to Vcc + 0.5V 
±20 mA 
±35 mA 
±70mA 
-65‘'Cto +150'’C 
500 fnW 


Lead Temperature (TJ (Soldering 10 seconds) 


260°C 


Operating Conditions 

Min Max 

Supply Voltage(Vcc) 4.5 5.5 

DC Input or Output Voltage 0 Vcc 

(Vin.Vqut) 

Operating Temperature RangeCTA) 

MM74HCT -40 +85 

MM54HCT -55 +125 

Input Rise or Fall Times 
(tr.tf) 500 


Units 

V 

V 

"C 

“G 

ns 


DC Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25“C 

74HCT 

TA=-40to 85'C 

54HCT 

Ta= -55 to125°C 

Units 

B9 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

mm 


Input Voltage 






WM 

Vqh 

Minimum High Level 

V|N = V|H orV|L 







Output Voltage 

|IoutI = 20 JU.A 

Vcc 

< 

o 

o 

1 

o 

Vcc-0.1 

< 

o 

o 

1 

p 

V 



1 IqUtI ~ 6.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



|IoutI = 7.2 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

V 

VoL 

Maximum Low Level 

V|N=V|h or V|L 





■■ 


Voltage 

110071 = 20 )iA 

0 

0.1 

0.1 

0.1 

■■ 



1 IoutI = 6.0 mA, Vcc = 4.5V 

0.2 



0.4 

mm 



|IoutI = 7.2 mA, Vcc = 5.5V 

0.2 



0.4 

WM 

■in 

Maximum Input 

V|M = Vcc or GND, 


±0.1 

±1.0 

±1.0 

fiA 


Current 

V|H orViL 






Iqz 

Maximum TRI-STATE 

Vqut = Vcc or GND 

■ 

±0.5 

±5.0 

±10 

liA 


Output Leakage 

Enable = V|H or VIL 







Current 


■ 





Icc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

fiA 


Supply Current 

IOUT = 0 mA 








V|N = 2.4V or 0.5V (Note 4) 


1.0 

1.3 

1.5 

mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. All others tied to Vcc or ground. 


1-504 






























































AC Electrical Characteristics mm54hct373/mm74hct373 

Vcc = 5.0V, tr = tf = 6 ns Ta = 25°C (unless otherwise specified) 


Conditions Typ 


Cl = 45 pF 


Symbol 

Parameter 

tPHL. tPLH 

Maximum Propagation Delay 

Data to Output 

<PHL. tpLH 

Maximum Propagation Delay , 

Latch Enable to Output 

tpZH. tpZL 

Maximum Enable Propagation Delay 
Control to Output 

tPHZ. tPLZ 

Maximum Disable Propagation Delay 
Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 


Cl = 45 pF 
Rl= 1 kft 


Cl=5pF 
Rl.=1 kn 



Guaranteed 

Limit 

Units 

25 

ns 

30 

ns 

28 

ns 

25 

ns 

16 

ns 

5 

ns 

10 

ns 



AC Electrical Characteristics mm54hct373/mm74hct373 

Vcc=5.0V ±10%, tr=tf = 6 ns (unless othenvise specified) 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay Data to Output 

tpHL. tPLH 

Maximum Propagation Delay 

Latch Enable to Output 

tpZH. tpZL 

Maximum Enable Propagation 

Delay Control to Output 

tpHZ. tpLZ 

Maximum Disable Propagation 

Delay Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 

C|N 

Maximum Input Capacitance 

COUT 

Maximum Output Capacitance 

CpD 

Power Dissipation Capacitance (Note 5) 


Truth Tables 



’373 


Data 

373 

Output 

H 

H 

L 

L 

X 

Qq 

X 

Z 


Conditions 


Ta=25'“C 


Cl = 50pF 22 
Cl = 150pF 30 


Cl = 50pF 25 
Cl = 150pF 32 


Cl = 50pF 21 
Cl = 150pF 30 

Rl=i kn 


Cl = 50pF 21 

Rl=i kn 



74HCT 

54HCT 

Ta=- 40 to 85’C 

Ta= -55 to125“C 

Guaranteed Limits | 

37 

45 

50 

60 

44 

53 

56 

68 

37 

45 

50 

60 

37 

45 

20 

24 

6 

8 

13 

20 

10 

10 

20 

20 




Output 

Control 

Clock 

Data 

Output 

(374) 

Output 

(534) 

■ 

T 

T 

H 

L 

n 

L 

H 

■■ 

L 

X 

Qo 

Qo 

H 

X 

X 

z 

Z 




H = high level, L = low level 

H = High Level, L = Low Level 

Qq = level of output before steady-state input conditions 

X = Don't Care 

were estabiished. 

T = Transition from low-to-high' 

Z = high impedance 

Z = High impedance state 

Qo = The ievel of the output before steady state input condi- 
tions were established. 


1-505 


MM54/74HCT373 

I\/IM54/74HCT374 






































































































































MM54/74HCT373 

MM54/74HCT374 


AC Electrical Characteristics mm54hct374/mm74hct374 

Vcc==5.0V, tr=tf=6 ns Ta = 25°C (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Clock Frequency 


50 

30 

MHz 

tPHL. tpLH 

Maximum Propagation Delay 
to Output 

Cl = 45 pF 

20 

32 

ns 

tpZH. fpZL 

Maximum Enable Propagation Delay 
Control to Output 

Cl = 45 pF 
Rl=i kn 

19 

28 

ns 

tPHZ. tpLZ 

Maximum Disable Propagation Delay 
Control to Output 

Cl = 5pF 
Rl=i kn 

17 

25 

ns 

tw 

Minimum Clock Pulse Width 



20 

ns 

ts 

Minimum Setup Time Data to Clock 



5 

ns 

tH . 

Minimum Hold Time Clock to Data 



16 

ns 


AC Electrical Characteristics mm54hct374/mm74hct374 

Vcc=5.0V ±10%, V=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

1 

Ta= 

= 25°C 

74HCT 

Ta=- 40 to 85°C 

54HCT 

Ta=- 55 to125°C 

Units 


Guaranteed Limits 

^MAX 

Maximum Clock 



30 

24 

20 

MHz 


Frequency 







tPHL. tPLH 

Maximum Propagation Delay 

Cl = 50 pF 

22 

36 

45 

48 

WM 


to Output 

Cl = 150 pF 

30 

,46 

57 

69 

mm 

tpZH. tpZL 

Maximum Enable Propagation 

Cl = 50 pF 

21 

Bl 

37 

45 

ns 


Delay Control to Output 

Cl = 150 pF 

30 

wm 

50 

60 

ns 



Rl=i kn 


■1 




tPHZ. tpLZ 

Maximum Disable Propagation 

Cl = 50 pF 

21 

30 

37 

45 

ns 


Delay Control to Output 

Rl=i kn 






tw 

Minimum Clock Pulse Width 



16 

20 

24 

ns 

ts 

Minimum Setup Time Data to Clock 



20 

25 

30 

ns 

tK 

Minimum Hold Time Clock to Data 



5 

5 

5 

ns 

C|N 

Maximum Input Capacitance 



10 

10 

10 

pF 

Gout 

Maximum Output Capacitance 



20 

20 

20 

pF 

CpD 

Power Dissipation Capacitance (Note 5) 

G = Vcc 





PF, 



G = GND 





pF 


Note 5: CpD determines the no load power consumption, Pq=Cpd Vcc^ t+lcc VcC' the no load dynamic current consumption, ls=CpD Vcc t+ Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits, 
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Logic Diagrams 


MM54HCT373/MM74HCT373 


LATCH 

ENABLE 

(LE) 


OUTPUT 

CONTROL 

(OC) 


ID 2D 3D 4D 5D 6D 7D 8D 



10 20 30 40 50 60 70 BO 


TL/F/5367-4 


1 
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MM54/74HCT521 



National 

Semiconductor 


MM54HCT521/MM74HCT521 


PRELIMINARY 



microCMOS 


8-Bit Magnitude Comparator (Equality Detector) 


General Description 

This equality detector utilizes microCMOS Technology, 3.0 
micron silicon gate N-well CMOS to compare bit for bit two 
8-bit words and indicate whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ TTL Input Compatible 

■ Typical propagation delay: 20 ns 

■ Low quiescent current: 80 /lA maximum (74HCT series) 

■ Large output current: 4 mA 


Connection and Logic Diagrams 

Oual-ln-Llne Package 

Vcc 07 P7 06 P6 05 P5 04 P4 



MM54HCT521 /MM74HCT521 
54HCT521 (J) 74HCT521 (J,N) 


Truth Table 


Inputs 

P=Q 

Data 

Enable 

G 

P.Q 

P = Q 

L 

L 

P>Q 

L 

H 

P<Q 

L 

H 

X 

H 

H 



/ 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5to Vcc + I-SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current {I|k, Iqk) i 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc Of GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to +150°C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (T J (Soldering 1 0 seconds) 260‘'C 


Operating Conditions 

Min 

Max 

Units 

Supply Voltage(Vcc) 4.5 

5.5 

V 

DC Input or Output Voltage 0 

Vcc 

V 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT688 -40 

+ 85 

°c 

MM54HCT688 -55 

+ 125 

°c 

Input Rise or Fall Times 

(tr. tf) 

500 

ns 


DC Electrical Characteristics 

(Vcc = 5V ±10% unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Ta 

= 25°C 

74HCT 

Ta=- 40 to BS'C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

Wm 


Input Voltage 






WM 

V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







Vqh 

Minimum High Level 

V|n = 0.8V or 2.0V 







Output Voltage 

|louTl = 20p,A 

Vcc 

VcC“-1 

Vcc-.i 

< 

o 

o 

\ 

WM 



|IoutI = 4.0 mA, Vcc=4.5V 

4.2 

3.98 

3.84 

3.7 

WM 



1 IqUtI = 4.8 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 

4.7 


VqL 

Maximum Low Level 

V|n = V0.8V or 2.0V 





H 


Voltage 

|IoutI = 20 p,A 

0 

0.1 

0.1 

0.1 




1 IqutI = 4.0 mA, Vcc = 4.5V 

0.2 



0.4 

V 



|IoutI = 4.8 mA, Vcc = 5.5V 

0.2 



0.4 

V 

l|N 

Maximum Input 

V||M = Vcc or GND 


±0.1 

±1.0 

±1.0 

fiA 


Current 







Icc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

fiA 


Supply Current 

IOUT=0 aA 








Vin = 2.4V or 0.4V (Note 4) 

0.5 

i 



mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. All other inputs held at Vcc or ground. 
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MM54/74HCT521 


AC ElOCtriCdi ChsrSCtGristiCS Vqq = SV, T/^ = 25°C, Cl = is pF, = tp = e ns (unless otherwise noted.) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

♦PHL 

Maximum Propagation 

Delay - P or Q to Output 


19 

30 

ns 

tpLH 

Maximum Propagation 

Delay - P or Q to Output 


13 

22 

ns 

♦PHL 

Maximum Propagation 

Delay - Enable to Output 


13 

20 

ns 

*PHL 

Maximum Propagation 

Delay - Enable to Output 


10 

18 

nS' 


AC El6CtriC3l ChsrdCtGristiCS Vqc = SV ± 10%, Cl = so pF. t^ = tf = e ns, (unless otherwise specified.) 





Ta = 

25“ C 

74HCT 

TA = -40°CtO 85° C 

54HCT . 
Ta=- 55 to125°C 


Symbol 

Parameter 

Condition 

Typ 

Guaranteed Limits 

Units 

♦PHL 

Maximum Propagation 

Delay - P or Q to Output 


23 

35 

44 

53 

ns 

IpLH 

Maximum Propagation 

Delay - P or Q to Output 


16 

24 

30 

36 

ns 

•PHL 

Maximum Propagation 

Delay - Enable to Output 


16 

24 

. 30 

36 

ns 

*PLH 

Maximum Propagation 

Delay - Enable to Output 


11 

20 

25 

■ 30 

ns 

^THL- tTLH 

Maximum Output Rise 
and Fall Time 


8 

15 

19 

22 

ns 

CpD 

Power Dissipation 

Capacitance (Note 5) 


45 



' 

pF 

C|N 

Maximum Input 

Capacitance 


5 

10 

10 

10 

pF 


Note 5: CpQ determines the no load dynamic power consumption, Pq = Cpp Vqq 2 ^CC- dynamic current consumption, 

is = Cp0 Vqc f+icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 


MM54HCT533/MM74HCT533 
TRI-STATE® Octal D-Type Latch 
MM54HCT534/MM74HCT534 
TRI-STATE Octal D-Type Flip-Flop 


PRELIMINARY 


microCMOS 


General Description 

The MM54HCT533/MM74HCT533 Octal D-TYPE LATCH- 
ES and MM54HCT534/MM74HCT534 Octal D-TYPE FLIP 
FLOPS utilize microCMOS Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
low power consumption and wide power supply range, but 
are LS-TTL input and output characteristic & pinout compat- 
ible. The TRI-STATE outputs are capable of driving 15 LS 
TTL loads. All inputs are protected from damage due to 
static discharge by internal diodes to Vqc and ground. 
When the MM54HCT533/MM74HCT533 LATCH ENABLE 
input is high, the Q outputs will follow the D inputs. When 
the LATCH ENABLE goes low, data at the D inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

■ The MM54HCT534/MM74HCT534 are positive edge trig- 
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are transferred to the Q outputs on 


Connection Diagrams 

Du^l-ln-Line Package 


|l4 |t3 It] III 


positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

■ TTL input characteristic compatible 
□ Typical propagation delay: 18 ns 

■ Low input current: 1 juA maximum 

o Low quiescent current: 80 jxA maximum 
Q Compatible with bus-oriented systems 
a Output drive capability: 15 LS-TTL loads 


Dual-ln-Line Package 


Vcc 8Q 8D 70 70 60 60 SO 50 CLOCK 

Lo |l9 111 |l7 |lS |lS |l4 ||3 |l2 III 



|3 |4 |S 


|, 

4& END 



TOP VIEW 

MM54HCT533/MM74HCT533 


TOP VIEW 

MM54HCT534/MM74HCT534 

’HCT534 


Truth Tables 


Output 

Control 

Latch 

Enable 

G 

Data 

Output 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

Qq 

H 

X 

X 

z 


Output 

Control 

Clock 

Data 

Output 

L 

T 

H 

L 

L 

T 

L 

H 

L 

L 

X 

Qo 

H 

X 

X 

z 


H = High Level, L = Low Level 
X = Don't Care 

t = Transition from low-to-high 
Z = High impedance state 
Qo = The level of the output before steady state 
Input conditions were established 
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MM54/74HCT533 

MM54/74HCT534 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) -0.5 to +'7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1.5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqui) ± 35 mA 

DC Vcc O'" GND Current, per pin (ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°C to + ISO'C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (T l) (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min 

Suppiy Voltage(Vcc) 4.5 

DC input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature RangefTA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 
(tr. tf) 


Max Units 

5.5 V 

Vcc V 

+ 85 °C 

+ 125 °C 

500 ns 


DC Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

■ 

m 

74HCT 

Ta=- 40 to 85°C 

54HCT 

Ta= -55 to125°C 

Units 


Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

Mm 


Input Voltage 






WM 

V|L 

Maximum Low Levei 



0.8 

0.8 

0.8 

V 


Input Voltage 







VOH 

Minimum High Level 

V|N = V|Hor V|L 







Output Voltage 

|IoutH20 /iA 

Vcc 

< 

o 

o 

1 

o 

Vcc -0.1 

Vcc -0.1 

V 



IIqutI = 6-0 fTlA, Vcc= 4.5V 


3.98 

3.84 

3.7 

V 



il 0 UTi = 7.2 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 


Vql 

Maximum Low Levei 

V|N = V|H orViL 





H 


Voltage 

|IoutI = 20 ft . a 

0 

0.1 

0.1 

0.1 

n 



1 IqutI = 6.0 mA, Vcc = 4.5V 

0.2 



0.4 

U 



|IoutI = 7.2 mA, Vcc = 5.5V 

0.2 



0.4 

■■ 

l|N 

Maximum Input 

V|(v| = Vcc or GND, 


±0.1 

±1.0 

±1.0 



Current 

V|Hor V|L 






•oz 

Maximum TRi-STATE 

Vqut— V cc Of gnd 

m 

±0.5 

±5.0 

±10 

fxA 


Output Leakage 

Enable=V|H 







Current 


■ 





icc 

Maximum Quiescent 

V|i\j = Vcc or GND 


8.0 

80 

160 

fxA 


Supply Current 

IOUT=0 








V|n = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
100°Cto 125°C. 

Note 4: Measured per pin. All others tied to Vcc o'' ground. 
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AC Electrical Characteristics mm54hct533/mm74hct533 

Vcc = 5.0V, tr = tf = 6 ns Ta = 25°C (unless otherwise specified) 


Symbol 

Parameter 

fpHL. tPLH 

Maximum Propagation Delay 

Data to Output 

tpHL. fPLH 

Maximum Propagation Delay 

Latch Enable to Output 

fpZH. tpZL 

Maximum Enable Propagation Delay 
Control to Output 

tpHZ- tPLZ 

Maximum Disable Propagation Delay 
Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 


Conditions 

Typ 

Guaranteed 

Limit 

Units 

Cl= 45 pF 

18 

25 

ns 

Cl = 45 pF 

21 

30 

ns 

Cl = 45pF 
Rl=i kn 

20 

28 

ns 

Cl=5pF 
Rl=i kn 

18 

25 

ns 



16 

ns 



5 

ns 



10 

ns 



■>4 ->4 

z z 
OO 
H H 
tn cji 

CO CO 
4:^ CO 


AC Electrical Characteristics mm54hct533/mm74hct533 

Vcc = 5.0V ±10%, tr=tf = 6 ns (unless othenwise specified) 


Symbol 

Parameter 

fpHL. tPLH 

Maximum Propagation 

Delay Data to Output 

tpHL. tPLH 

Maximum Propagation Delay 

Latch Enable to Output 

tpZH. 'PZL 

Maximum Enable Propagation 

Delay Control to Output 

tPHZ. fPLZ 

Maximum Disable Propagation 

Delay Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 

ClN 

Maximum Input Capacitance 

Gout 

Maximum Output Capacitance 

CpD . 

Power Dissipation Capacitance (Note 5) 


74HCT 

54HCT 

Ta= -40 to 85°C 

Ta= -55 to125°C 


























































































































MM54/74HCT533 
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AC Electrical Characteristics mm54hct534/mm74hct534 

Vcc = 5 0V, tr = tf = 6 ns Ta = 25°C (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

^MAX 

Maximum Clock Frequency 


50 

30 

MHz 

tPHL. tPLH 

Maximum Propagation Delay 
to Output 

Cl = 45 pF 

20 

32 

ns 

tpZH. tpZL 

Maximum Enable Propagation Delay 
Control to Output 

Cl = 45 pF 
Rl=i kn 

19 

28 

ns 

tPHZ. tPLZ 

Maximum Disable Propagation Delay 
Control to Output 

Cl = 5pF 
Rl=i kn 

17 

25 

ns 

tw 

Minimum Clock Pulse Width 



20 

ns 

ts 

Minimum Setup Time Data to Clock 



5 

ns 

tH 

Minimum Hold Time Clock to Data 



16 

IIIIQQIj 


AC Electrical Characteristics mm54hct534/mm74hct534 

Vcc=5.0V ±10%, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Ta= 

= 25°C 

74HCT 

Ta= -40 to 85°C 

54HCT 

Ta= -55 to125°C 

Units 

BH 

Guaranteed Limits 

fWAX 

Maximum Clock 



30 

24 

20 

MHz 


Frequency 







tPHb tPLH 

Maximum Propagation Delay 

Cl = 50 pF 

22 

36 

45 

48 

WM 


to Output 

Cl = 150 pF 

30 

46 

57 

69 

wm 

tpZH. tpZL 

Maximum Enable Propagation 

Cl =50 pF 

21 

30 


45 

ns 


Delay Control to Output 

Cl = 150 pF 

30 

40 


60 

ns 



Rl=i kn 






tpHZ. tpLZ 

Maximum Disable Propagation 

Cl =50 pF 

21 

30 

37 

45 

ns 


Delay Control to Output 

Rl=i kn 






tw 

Minimum Clock Pulse Width 



16 

20 

24 

ns 


Minimum Setup Time Data to Clock 



20 

25 

30 

ns 

tH 

Minimum Hold Time Clock to Data 



5 

5 

5 

ns 

CiN 

Maximum Input Capacitance 



10 

10 

10 

pF 

COUT 

Maximum Output Capacitance 



20 

20 

20 

pF 

CpD 

Power Dissipation Capacitance (Note 5) 

G = Vcc 





pF 



G = GND 





pF 


Note 5: CpD determines the no load power consumption. Pd=Cpd Vcc^ t+'cc ^CC’ snd the no load dynamic current consumption, ls = CpD Vcc *+ Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Semiconductor 


MM54HCT540/MM74HCT540 
Inverting Octal TRI-STATE® 

MM54HCT541/MM74HCT541 
Octal TRI-STATE Buffer 

General Description 

These TRI-STATE buffers utilize microCMOS Technology, 

3.0 micron silicon gate N-well CMOS, and are general pur- 
pose high speed inverting and non-inverting buffers. They 
possess high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits achieve speeds comparable to low power Schottky 
devices, while retaining the low power consumption of 
CMOS. Both devices are TTL input compatible and have a 
fanout of 15 LS-TTL equivalent inputs. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT540/MM74HCT540 is an. inverting buffer 
and the MM54HCT541/MM74HCT541 is a non-inverting 
buffer. The TRI-STATE control gate operates as a two-input 

Connection Diagrams 

Dual-ln-Line Package 

Vcc G2 Yt Y2 Y3 Y4 Y5 Y6 Y7 Y8 Vcc K Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 


20 19 he 17 16 15 14 13 12 11 70 19 IB 17 16 15 14 13 17 " 



G1 A1 A7 A3 A4 AS A6 A7 AS GNO G1 A1 A2 A3 A4 AS A6 A7 AS GND 

TOP VIEW TL/F/5341-1 TOP VIEW TL/F/5341-2 


MM54HCT540/MM74Hcf540 MM54HCT541 /MM74HCT541 

54HCT540(J) 74HCT540 (J,N) 54HCT541 (J) 74HCT541 (J,N) 


NOR such that if either G1 or G2 are high, all eight outputs 
are in the high-impedance state. 

In order to enhance PC board layout, the 'HCT540 and 
’HCT541 offers a pinout having inputs and outputs on oppo- 
site sides of the package. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc snd ground. 

Features 

■ TTL input compatible 

■ Typical propagation delay: 12 ns 

□ TRI-STATE outputs for connection to system buses 

□ Low quiescent current: 80 p.A 
n Output current: 6 mA 
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MM54/74HCT540 

MM54/74HCT541 








MM54/74HCT540 

MM54/74HCT541 


Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) • -1.5toVcc + 1.5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0.5V 

Clamp Diode Current {I|k, Iqk) ± 20 mA 

DC Output Current, per pin (lour) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T 0 (Soldering 1 0 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 4.5 

5.5 

V 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 

Vcc 

V 

MM74HCT -40 

+ 85 

°c 

MM54HCT -55 

+ 125 

"C 

Input Rise or Fall Times 



(tr.tf) 

500 

ns 


DC Electrical Characteristics 


Vcc=5V ±10% (unless otherwise specified) 


Symboi 

Parameter 

Conditions 

Ta = 25'’C 

74HCT 

Ta= -40 to 85°C 

54HCT 

Ta= -55to125'C 

Units 

P!S 

Guaranteed Limits 

V|H 

Minimum High Levei 




2.0 

2.0 

V 


Input Voltage 

! 


■■ 




V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

V 


Input Voltage 







VOH 

Minimum High Level 

V|N = V|H orV|L 







Output Voltage 

|IoutI = 20 ftA 

Vcc 

d 

1 

o 

o 

> 

Vcc -0.1 

Vcc -0.1 

V 



1IoutI = 6.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



IIqutI = 7.2 mA, Vcc= 5.5V 


4.98 

4.84 

4.7 

V 

Vql 

Maximum Low Level 

V|N = V|HorV|L 







Voltage 

|IoutI = 20 fiA 

0 

0.1 

0.1 

0.1 

V 



|IoUtI = 6.0 mA, Vcc = 4.5V 

0.2 



0.4 

V 



lbuTl = 7.2 mA, Vcc = 5.5V 

0.2 



0.4 

V 

l|N 

Maximum Input 

V|N“ Vcc or GND 


±0.1 

±1.0 

±1.0 

jiiA 


Current 







Iqz 

Maximum TRI-STATE 

Vqut Vcc or GND 

■ 

±0.5 

±5.0 

±10 

p,A 


Output Leakage 

G = V|h 







Current 


■ 





Icc 

Maximum Quiescent 

V|N ~ Vcc or GND 


8.0 

80 

160 

jjlA 


Supply Current 

IOUT = 0 fiA 







% 

V|n = 2.4V or 0.4V (Note 4) 

Q3i 

1.0 

1.3 

1.5 

mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per input. All other inputs at Vcc or GND. 
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AC Electrical Characteristics mm54hct54o/mm74hct54o 

Vcc = 5.0V, tr = tf = 6 ns Ta= 25°C, (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tpHL. tPLH 

Maximum Output 
Propagation Deiay 

Cl = 45 pF 

12 

18 

ns 

tpZL. tpZH 

Maximum Output 
Enable Time 

Cl = 45 pF 
Rl=i kn 

14 

28 

ns 

tpLZ. tPHZ 

Maximum Output 
Disable Time 

Cl= 5 pF 
Rl=i kn 

13 

25 

ns 


AC Electrical Characteristics mm54hct54o/mm74hct54o 

Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta = 25“C 

74HCT 

Ta=- 40 toSS-C 

54HCT 

Ta= -55 to125°C 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Output 
Propagation Delay 

Cl =50 pF 

12 

20 

25 

30 

ns 

Cl=150pF 

22 

30 

38 

45 

ns 

tpZH. tpZL 

Maximum Output 
Enable Time 

Rl=i kn 

Cl = 50 pF 

15 

30 

38 

45 

ns 

Cl=150 pF 

20 

40 

50 

60 

ns 

tpHZ. <PLZ 

Maximum Output 
Disable Time 

Rl=i kn 

Cl = 50 pF 

15 

30 

38 

45 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 

Cl = 50 pF 

6 

12 

15 

18 

ns 

Qn 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 

COUT 

Maximum Output 
Capacitance 


15 

20 

20 

20 

pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per output) G = Vcc 

G = GND 

12 

50 

H 



pF 

pF 


AC Electrical Characteristics mm54hct54i/mm74hct54i 

Vcc=5.0V, tr=tf=6 ns Ta = 25°C, (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tPHL. tPLH 

Maximum Output 
Propagation Delay 

Cl = 45 pF 

13 

20 

ns 

tpZL. IPZH 

Maximum Output 
Enable Time 

Cl = 45 pF 
Rl=i kn 

17 

28 

ns 

tPLZ. tPHZ 

Maximum Output 
Disable Time 

Cl=5pF 
Rl=i kn 

15 

25 

ns 
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MM54/74HCT540 

MM54/74HCT541 


AC Electrical Characteristics mm54hct54i/mm74hct54i 


Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25“C 

74HCT 

Ta=- 40 to BS'C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

Guaranteed Limits 

fpHL. tPLH 

Maximum Output 
Propagation Delay 

Cl =50 pF 

14 

23 

29 

34 

ns 

Cl= 150 pF 

17 

33 

42 

49 

ns 

tpZH. tpZL 

Maximum Output 
Enable Time 

RL=1kn 

Cl = 50 pF 

17 

30 • 

38 

45 

ns 

Cl= 150 pF 

22 

40 

50 

60 

ns 

tpHZ. tpLZ 

Maximum Output 
Disable Time 

Rl=i ka 

Cl =50 pF 

17 

30 

38 

45 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 

Cl = 50 pF 

6 

12 

15 

18 

ns 

C|N 

Maximum Input 
Capacitance 


5 

10 

10 

10 

pF 

Gout 

Maximum Output 
Capacitance 


15 

20 

20 

20 

pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per output) G = Vcc 

G = GND 

12 

45 

■ 



pF 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pq = C po Vcc* t + Ice Vcc.arid the no load dynamic current consumption, 1$ = Cpc Vec t + Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

XjS Semiconductor 

MM54HCT543/MM74HCT543 
Octal Registered Transceiver 

General Description 

This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out- 
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vcc and ground. 

The HCT543 contains two sets of D-type latches for tem- 
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit Independent control of inputting 
and outputting in either direction of data flow. 

For d ata flow from A to B, for example, the A-to-B enable 
(EAB) input must be ‘low’ in order to enter data from A0-A7 
or take dat a from B0-B7, as indicated in the I/O Control 
Table. With EAB low, a low signal on A-to-B latch enable 
(LEAB) input makes the A-to-B latch es tran sparent; a sub- 
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode a nd th eir o utputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A la tche s . Cont rol of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 


PRELIMINARY 


microCMOS 


Features 

■ TTL input compatible 

■ Octal TRI-STATE outputs for fiP bus applications 

■ Output drive capability: 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

B Separate controls for data flow in each direction 

I/O Control Table 



Inputs 

Latch Status 

Output Buffers 

EAB 

LEAB 

OEAB 

A-to-B 

B0-B7 

H 

X 

X 

Storing 

Hi-Z 

X 

H 

— 

Storing 

— 

X 

— 

H 

— 

Hi-Z 

L 

L 

L 

Transparent 

Current A Inputs 

L 

H 

L 

Storing 

Previous A Inputs * 


Before LEAB low-to-high transition 
H = high voltage level 
L = low voltage level 
X = don't care 

t A-to - B data flow shown : B-to-A flow control is the same, except uses 
EBA, LEBA and OEBA 










MM54/MM74HCT544 


National 

mii Semiconductor 

IVIM54HCT544/MM74HCT544 
Octal Registered Inverting Transceiver 


PRELIMINARY 



microCMOS 


General Description 

This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out- 
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vcc and ground. 

The HCT544 contains two sets of D-type latches for tem- 
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For d ata flow from A to B, for example, the A-to-B enable 
(EAB) input must be ‘low’ in order to enter data from A0-A7 
or take dat a from B0-B7, as indicated in the I/O Control 
Table. With EAB low, a low signal on A-to-B latch enable 
(LEAB) input makes the A-to-B latch es tran sparent; a sub- 
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode a nd th eiro utputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A latches. Control of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 


Features 

■ Inverting outputs 

■ TTL input compatible 

■ Octal TRI-STATE outputs for/iP bus applications 

■ Output drive capability: 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

■ Separate controls for data flow in each direction 


I/O Control Table 


Inputs 

Latch Status 
A-to-B 

Output Buffers 

EAB 

LEAB 

OEAB 

B0-B7 

H 

X 

X 

Storing 

Hi-Z 

X 

H 

— 

Storing 

— 

X 

— 

H 

— 

Hi-Z 

L 

L 

L 

Transparent 

Current A Inputs 

L 

H 

L 

Storing 

Previous A Inputs* 


‘Before LEAB low-to-high transition 
H = high voltage level 
L = low voltage level 
X = don't care 

t A-to B data flow shown : B-to-A flow control is the same, except uses 
EBA, LEBA and OEBA 


Logic Diagram Connection Diagram 



Dual-ln-Line Package 
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National 

Semiconductor 

MM54HCT550/MM74HCT550 Octal Registered 
Transceiver with Status Flags 


PRELIMINARY 


microCMOS 


General Description 


This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
pov/er Schottky TTL circuits. They are also input and out- 
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vcc and ground. 

The MM54HCT550/MM74HCT550 contain two 8-bit regis- 
ters for temporary storage of data flowing in either direc- 
tion. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set 
automatically as the register is loaded. Each flag flip-flop 
is provided with a clear input, and each register has a 
separate output enable control for its TRI-STATE^ buffers. 
The separate clocks, flags and enables provide consider- 
able flexibility as I/O ports for demand-response data 
transfer. 

Data applied to the A inputs is entered and stored on the 
rising edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip- 
flop Is set and the A-to-B flag (FAB) output goes high. Data 


thus entered from the A inputs is present at the inputs to 
the B output buffers, but appea rs only on the B I/O pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a lo w-to -high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func- 
tion from the receiving system. 

Data flow from B-to-A proce eds in the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B in- 
put data and s et the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to- 
high transition on CFBA clears the FBA flag. 

Features 

□ TTL compatible inputs 

□ Output drive: 15 LS-TTL loads 

□ Large output current: 6 mA 

n Back-to-back registers for storage 

□ Register status flag flip-flops 

n Separate edge-detecting clears for flags 


Logic Diagram 


Connection Diagram 



Dual-ln-Llne Package 
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MM54/MM74HCT551 


^ National 

Semiconductor 

MM54HCT551/MM74HCT551 Octal Registered 
Inverting Transceiver with Status Fiags 


PRELiMiNARY 



microCMOS 


General Description 

This octal transceiver utilizes nnicroCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump- 
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out- 
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vcc ground. 

The MM54HCT551/MM74HCT551 contain two 8-bit regis- 
ters for temporary storage of data flowing in either direc- 
tion. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set 
automatically as the register is loaded. Each flag flip-flop 
is provided with a clear input, and each register has a 
separate output enable control for its TRI-STATE® buffers. 
The separate clocks, flags and enables provide consider- 
able flexibility as I/O ports for demand-response data 
transfer. 

Data applied to the A inputs is entered and stored on the 
rising edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip- 
flop is set and the A-to-B flag (FAB) output goes high. Data 


thus entered from the A inputs is present at the inputs to 
the B output buffers, but appears only on the B I/O pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a l ow-to -high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func- 
tion from the receiving system. 

Data flow from B-tq-A proce eds in the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B in- 
put data and s et the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to- 
high transition on CFBA clears the FBA flag.. 

Features 

■ Inverting outputs 

■ TTL compatible inputs 

■ Output drive: 15 LS-TTL loads 

■ Large output current: 6 mA 

■ Back-to-back registers for storage 

■ Register status flag flip-flops 

■ Separate edge-detecting clears for flags 


Logic Diagram 


Connection Diagram 
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National 

Semiconductor 


microCMOS 


MM54HCT563/MM74HCT563 

TRI-STATE® Octal D-Type Latch with Inverted Outputs 


General Description 

These high speed OCTAL D-TYPE LATCHES utilize 
microCMOS Technology, 3.0 micron silicon gate N-well 
CMOS. They possess the high noise immunity and low pow- 
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE (LE) input is high, the Q outputs 
will follow the inversion of the D inputs. When the LATCH 
ENABLE goes low, data at the D Inputs will be retained at 
the outputs until LATCH ENABLE returns high again. When 
a high logic level is applied to the OUTPUT CONTROL in- 
put, all outputs go to a high impedance state, regardless of 
what signals are present at the other inputs and the state of 
the storage elements. 


The 54HCT/74HCT logic family is speed, function and pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

■ Typical propagation delay: 13 ns 

■ Low input current: 1 juiA maximum 

■ Low quiescent current: 80 p.A maximum (74 series) 

■ Compatible with bus-oriented systems 

■ Output drive capability: 15 LS-TTL loads 

■ TTL input characteristic compatible 


Connection Diagram 


Dual-ln-Llne Package 


Vcc id 29 3! 43 sS e9 73 83 enabu 





OUTPUT 10 20 30 40 50 60 70 80 CNO 

CONTROL 


MM54HCT563/MM74HCT563 
54HCT563 (J) 74HCT563 (J,N) 


Truth Table 


Output 

Control 

Latch 

Enable 

Data 

Output 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

QO 

H 

X 

X 

Z 


H = high level, L = low level 
Qq == level of output before steady-state input 
conditions were established 
Z = high impedance 
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MM54/74HCT563 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pp) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260°C 


DC Electricai Characteristics 

Vcc = 5V ±10% (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

T/i 

i = 25°C 

74HCT 

TA=-40to85°C 

54HCT 

Ta=- 55 to125°C 

Units 


Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







VlL 

Maximum Low Level 



0.8 

0.8 

0.8 

n 


Input Voltage 






■1 

VoH • 

Minimum High Level 

V|N = V|H or V|L 







Output Voltage 

|IoutI = 20 hA 

Vqc 

< 

o 

o 

1 

p 

< 

o 

o 

1 

p 

Vcc~0-1 

V 



1 IqutI = 6.0 mA, Vcc = 4.5V 

4.2 

3.98 

3.84 

3.7 

V 



|l0UTi = 7.2 mA, Vcc = 5.5V 

5.7 

4.98 

4.84 

4.7 


VoL 

Maximum Low Level 

V|N = V|HorV|L 





■ 


Voltage 

|IoutI = 20 ^lA 

0 

0.1 

0.1 

0.1 




1 IqutI = 6.0 mA, Vcc = 4.5V 

0.2 



0.4 




|IoutI = 7.2 mA. Vcc = 5.5V 

0.2 



0.4 

n 


Maximum Input 

V|N— Vqc or*GND, 


±0.1 

±1.0 

±1.0 

fiA 

■■ 

Current 

V|HorV|L 






■oz 

Maximum TRI-STATE 

VoUT~ Vcc or GND 

■ 

±0.5 

±5.0 

±10 

fxA 


Output Leakage 

Enable = V|H or VlL 







Current 

' 

■ 





>cc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

jaA 


Supply Current 

Iqut^O (uiA 








V|N = 2.4V or 0.4V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. All others tied to Vcc or ground. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage(Vcc) 

4.5 

5.5 

V 

DC Input or Output Voltage 

0 

Vqc 

V 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

+ 85 

.°c 

MM54HCT 

-55 

+ 125 

°c 

Input Rise or Fail Times 
(tr. tf) 


500 

ns 
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AC Electrical Characteristics mm54hct563/mm74hct563 

Vcc=5.0V, tr=tf=6 ns Ta=25°C (unless otherwise specified) 


Symboi 

Parameter 

*PHL. tpLH 

Maximum Propagation Delay 

Data to Output 

tPHL. tpLH 

Maximum Propagation Delay 

Latch Enable to Output 

tpZH. tPZL 

Maximum Enable Propagation Delay 
Control to Output 

<PHZ. tPLZ 

Maximum Disable Propagation Delay 
Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 


Conditions 

Typ 

Guaranteed 

Limit 

Units 

Cl = 45pF 

18 

25 

ns 

Cl = 45 pF 

21 

30 

ns 

Cl = 45 pF 
Rl=i kn 

20 

28 

ns 

Cl=5pF 
Rl=i kn 

18 

25 

ns 



16 

ns 



5 

ns 



10 

ns 



AC Electrical Characteristics mm54hct563/mm74hct563 

Vcc = 5.0V ±10%, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

tPHL. tpLH 

Maximum Propagation 

Delay Data to Output 

tpHL. tpLH 

Maximum Propagation Delay 

Latch Enable to Output 

tpZH. tpZL 

Maximum Enable Propagation 

Delay Control to Output 

tpHZ. tpLZ 

Maximum Disable Propagation 

Delay Control to Output 

tw 

Minimum Clock Pulse Width 

ts 

Minimum Setup Time Data to Clock 

tH 

Minimum Hold Time Clock to Data 

ClN 

Maximum Input Capacitance 

Gout 

Maximum Output Capacitance 

CpD 

Power Dissipation Capacitance (Note 5) 


Conditions 


Cl =50 pF 
Cl=150 pF 


Cl =50 pF 
Cl=150 pF 


Cl =50 pF 
Cl = 150 pF 
Rl= 1 kft 


Cl = 50 pF 
Rl= 1 kft 


Ta=25'C 


74HCT 54HCT 

TA=-40to85“C TA=-55to125°C 


Guaranteed Limits 


























































































































MM54/74HCT564 


National 
Semiconductor 

MM54HCT564/MM74HCT564 
TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 




General Description 

These octal D-type flip-flops utilize microCMOS Technol- 
ogy, 3.0 micron silicon gate N-well CMOS. They possess the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines in a bus organized system. 
These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


The 54HCT/74HCT logic family is speed, function, and pin- 
out compatible with the' standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

Features 

B Typical propagation delay: 15 ns 

■ Low input current: 1 fxA maximum 

■ Low quiescent current: 80 juA maximum (74 Series) 

B Compatible with bus-oriented systems 

H Output drive capability: 15 LS-TTL loads 

■ TTL input characteristic compatible 


Connection Diagram 

' Dual-ln-Line Package 


Vcc 10 TO 3S 40 S0 60 70 80 CLOCK 



CONTROL 


TOP VIEW 

MM54HCT564/MM74HCT564 


TL/F/5211-1 


54HCTS64 (J) 74HCT564 (J,N) 


Truth Tabie 



H = High Level, L = Low Level 
X = Don't Care 

t = Transition from low-to-high 
Z = High Impedance State 
Qq = The level of the output before steady state 
Input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) ~0.5 to + 7.0V 

DC Input Voltage (Vim) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) ~ 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 05 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 260‘’C 


DC Electrical Characteristics 

Vcc = 5V ±10% (unless otherwise specified) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 



74HCT 54HCT 

TA=-40to85‘’C TA=-55to125°C 


Guaranteed Limits 




Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximurri Low Level 
Voltage 


Maximum Input 
Current 



V|N = V|HorV|L 

|IoutI = 20^a Vcc 

|IoutI ~ 5-0 rnA, Vcc~4.5V 4.2 
I l 0 UTi = 7.2 mA, Vcc = 5.5V 5.7 


V|N = V|HOrV|L 

|IoUtI=20;iA O 

ilouTl = 6-0mA, Vcc = 4.5V 0.2 

I l 0 UTi = 7.2 mA, Vcc = 5.5V 0.2 


V|fg— Vcc GND, 

V|HorV|L 



Maximum TRI-STATE VouT~Vcc or GND 



Output Leakage 
Current 


Maximum Quiescent 
Supply Current 


Enable = Vih or V|l 


ViN = Vcc or GND 

IOUT=0 jxA 


V|n= 2.4V or 0.5V (Note 4) 


■ 


2.0 

2.0 

0.8 

0.8 

Vcc— 0.1 

3.98 

4.98 

Vcc -0.1 

3.84 

4.84' 

0.1 

0.1 

IIIIQIII 


±0.1 

±1.0 

±0.5 

±5.0 

8.0 

80 




Vcc -0.1 

3.7 

4.7 




Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. ■ 

Note 2: Unless otherwise specified aii voitages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastio "N” package: -12 mW/°C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
lOO-C to 125°C. 

Note 4: Measured per pin. Ali others tied to Vcc or ground. 
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MM54/74HCT564 


AC Electrical Characteristics mm54hct564/mm74hct564 

Vcc = 5.0V, tr = tf = 6 ns Ta = 25°C (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fMAX 

Maximum Clock Frequency 


50 

30 

MHz 

tpHL. tpLH 

Maximum Propagation Delay 
to Output 

Cl = 45 pF 

20 

32 

ns 

tpZH. tpZL 

Maximum Enable Propagation Delay 
Control to Output 

Cl =45 pF 
Rl=i kn 

19 

28 

ns 

tPHZ. tPLZ 

Maximum Disable Propagation Delay 
Control to Output 

Cl=5pF 
Rl= 1 kft 

17 

25 

ns 

tw 

Minimum Clock Pulse Width 



20 

ns 

ts 

Minimum Setup Time Data to Clock 



5 

ns 

tH 

Minimum Hold Time Clock to Data 



16 

ns 


AC Electrical Characteristics mm54hct564/mm74hct564 . 

Vcc-5.0V ±10%, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta= 

= 25“C 

74HCT 

TA=-40to 85“C 

S4HCT 

Ta=- 55 to125°C 

Units 

BB 

Guaranteed Limits 

^MAX 

Maximum Clock 



30 

24 

20 

MHz 


Frequency 







<PHL. tPLH 

Maximum Propagation Delay 

Cl = 50 pF 

22 

36 

45 

48 

EM 


to Output 

Cl=150 pF 

30 

46 

57 

69 


tpZH. tpZL 

Maximum Enable Propagation 

Cl = 50 pF 

21 

WM 

37 

45 

ns 


Delay Control to Output 

Cl=150pF 

30 


50 

60 

ns 



RL=1kn 


■1 




tpHZ. tPLZ 

Maximum Disable Propagation 

Cl= 50 pF 

21 

30 

37 

45 

ns 


Delay Control to Output 

Rl=i kn 






tw 

Minimum Clock Pulse Width 



16 

20 

24 

ns 

ts 

Minimum Setup Time Data to Clock 



20 

25 

30 

ns 

tH 

Minimum Hold Time Clock to Data 



5 

5 

5 

ns 

C|N 

Maximum Input Capacitance 



10 

10 

10 

pF 

Gout 

Maximum Output Capacitance 



20 

20 

20 

pF 

CpD 

Power Dissipation Capacitance (Note 5) 

G=Vcc 





pF 


1 

G = GND 





pF 


Note 5: CpD determines the no load power consumption, Po=Cpd Vcc^ f+lcc Vcc. ar’4 the no load dynamic current consumption, ls = CpD Vcc Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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National 

Semiconductor 

MM54HCT573/MM74HCT573 
TRI-STATE® Octal D-Type Latch 

General Description 


microCMOS 


These high speed octal D-type latches utilize microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS. They 
possess the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits, as well as the 
ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 

When the LATCH ENABLE(LE) input is high, the Q outputs 
will follow the D inputs. When the LATCH ENABLE goes 
low, data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL input, all outputs go to 
a high impedance state, regardless of what signals are pres- 
ent at the other inputs and the state of the storage ele- 
ments. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and Ground. 


Features 

a TTL input characteristic compatible 

□ Typical propagation delay: 14 ns 
n Low input current: 1 \xk maximum 

□ Low quiescent current: 80 juA maximum 

□ Compatible with bus-oriented systems 

□ Output drive capability: 15 LS-TTL loads 



Connection Diagram 


Dual-ln-Lino Package 

UTCH 

Vcc IQ 20 3a 40 5Q GO 7Q eo ENABLE 



i I 

OUTPUT 10 20 30 40 SO GO 70 80 GNO 

CONTROL 


MM54HCT573/MM74HCT573 
54HCT573 (J) 74HCT573 (J,N) 


Truth Table 


Output 

Control 

Latch 

Enable 

Data 

Output 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

Qo 

H 

X 

X 

Z 


H = high level, L = low level 

Qq = level of output before steady-state input 

conditions were established. 

Z = high impedance 
X = Don’t care 
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MM54/74HCT573 


Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) — 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (l|K> Iqk) ±20 mA 

DC Output Current, per pin (Iout) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ± 70 mA 

Storage T emperature Range (T stg) ~ 55°C to + 1 50°C 

Power Dissipation (Pc) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Max Units 

5.5 V 

Vcc V 

+ 85 °C 

+ 125 °C 

500 ns 


DC Electrical Characteristics 

Vcc = 5V +10% (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25“C 

74HCT 

Ta=- 40 to 85°C 

54HCT 

TA=-55to125”C 

Units 


Guaranteed Limits 

VlH ' 

Minimum High Level 




2.0 

2.0 

n 


Input Voltage 






WM 

V|L 

Maximum Low Level 



0.8 

0.8 

0.8 

D 


Input Voltage 






■■ 

Vqh 

Minimum High Level 

V|N = V|H orViL 







Output Voltage 

|IoutI=20 11 a 

Vcc 

Vcc “0.1 

< 

o 

o 

1 

p 

< 

o 

o 

I 

p 

V 



|IoutI = 6.0 mA, Vcc=4.5V 


3.98 

3.84 

3.7 

V 



|IoutI = 7.2 mA, Vcc = 5.5V 


4.98 

4.84 

4.7 

V 

Vql 

Maximum Low Level 

V|N = V|hOI' V|l 







Voltage 

|IoutI = 20 p.A 

0 

0.1 

0.1 

0.1 




1 IqutI ~ 6.0 mA, Vcc = 4.5V 

0.2 



0.4 




|IoutI= 7.2 mA,Vcc=5.5V 

0.2 



0.4 

IB 

l|N 

Maximum Input 

V|N = Vcc or GND, 


±0.1 

±1.0 

±1.0 

p,A 


Current 

ViHorViL 






loz 

Maximum TRI-STATE 

VoUT~ Vcc or gnd 

■ 

±0.5 

±5.0 

±10 

p,A 


Output Leakage 

Enable = V|H or VIL 







Current 


■ 





■cc 

Maximum Quiescent 

V|N ~ Vcc or GND 


8.0 

80 

160 

JU.A 


Supply Current 

loUT=0 








V|N = 2.4V or 0.5V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic ‘‘N" package: -12 mW/°C from 65°C to 85°C: ceramic "J" package; -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. Ail others tied to Vcc or ground. 
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AC Electrical Characteristics vcc=5v. ta=25“c. tf=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tPHL. tPLH 

Maximum Propagation Delay, Data to Q 

Cl = 45 pF 

12 

19 

ns 

*PHL. tPLH 

Maximum Propagation Delay, Clock to Q 

Cl= 45 pF 

12 

20 

ns 

tp2H. tpZL 

Maximum Output Enable Time 

Rl= 1 kn 

Cl= 45 pF 

13 

25 

ns 

tPHZ. *PLZ 

Maximum Output Disable Time 

Rl=i kn 
Cl=5pF 

11 

20 

ns 

ts 

Minimum Set Up Time 


10 

15 

ns 

tH 

Minimum Hold Time 


2 

5 

ns 

tw 

Minimum Pulse Width 


10 

16 

ns 


AC Electrical Characteristics Vcc = 5V±10%, tr=tf=6 ns, Cl= 50 pf (unless othenwise noted.) 


Symbol 

Parameter 

Conditions 

Ta=25"C 

74HCT 

Ta=- 40 to 85X 

54HCT 

Ta=- 55 to125X 

Units 

Typ 

Guaranteed Limits 

tpHL. tpLH 

Maximum Propagation 

Cl= 50 pF 

14 

22 

28 

33 

ns 


Delay Data to Q 

Cl = 150 pF 

21 

30 

38 

40 

ns 

*PHL. tpLH 

Maximum Propagation 

Cl = 50 pF 

14 

23 

29 

35 

ns 


Delay, Clock to Q 

Cl = 150 pF 

21 

31 

47 

47 

ns 

tpZH. tpZL 

Maximum Output Enable 

Rl=i kn 







Time 

Cl = 50 pF 

15 

28 

35 

42 

ns 



Cl = 150 pF 

24 

36 

45 

54 

ns 

tPHZ. tPLZ 

Maximum Output Disable 

Rl=i kn 







Time 

Cl = 50 pF 

13 

25 

31 

38 

ns 

ts 

Minimum Set Up Time 


10 

la 

19 

22 

ns 

tH 

Minimum Hold Time 



B 

5 

5 

ns 

tw 

Minimum Pulse Width 


9 

B 

20 

24 

ns 

tTLH. tTHL 

Maximum Output Rise 

Cl= 50 pF 

■ 






and Fall Time 


B 

12 

15 

18 

ns 

CpD 

Power Dissipation Capacitance 

OE = Vcc 

Mi 

B 



pF 


(Note 5) 

OE=GND 

B 

B 



pF 

C|N 

Maximum Input Capacitance 


5 

B 

10 

10 

pF 

CquT 

Maximum Output 


15 

20 

20 

20 

pF 


Capacitance 








Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc Vcc. arid the no load dynamic current consumption, 
ls=CpQ Vcc t+Icc- 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 


I 
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MM54/MI\/I74HCT574 



National 

Semiconductor 


MIVI54HCT574/MI\/I74HCT574 
TRI-STATE® Octal D-Type Flip-Flop 



General Description 

These high speed octal D-type flip-flops utilize micro- 
CMOS Technology, 3.0 micron silicon gate N-well CMOS. 
They possess the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All Inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 

Features 

■ TTL input characteristic compatible 

■ Typical propagation delay: 15 ns 

■ Low input current: 1 ^A maximum 

■ Low quiescent current: 80 juA maximum 
B Compatible with bus-oriented systems 
B Output drive capability: 15 LS-TTL loads 


Connection Diagrams 

Dual-In-Line Package 



LATCH 


Vcc IQ 2Q 3Q 4Q 5Q 60 7Q 8Q ENABLE 



OUTPUT 10 20 30 40 50 60 70 80 GNO 

CONTROL 


TOP VIEW 

MM54HCT574/MM74HCT574 


TL/F/5213-1 


54HCT574 (J) 74HCT574 (J,N) 


Truth Table 


Output 

Control 

Clock 

Data 

Output 

L 

T 

H 

H 

L 

t 

L 

L 

L 

L 

X 

Qo 

H 

X 

X 

z 


H = High Level, L = Low Level 
X = Don’t Care 

T = Transition from low-to-high 
Z = High impedance state 
Qo = The level of the output before steady state 
input conditions were established 


1-532 













Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (Vin) -1.5 to Vcc + 1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 35 mA 

DC Vcc or GND Current, per pin (Ice) ±70mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (Tl) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics 

Vcc = 5V ±10% (unless otherwise specified) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 

(tr.tf) 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V,L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 

Current 

•oz 

Maximum TRI-STATE 
Output Leakage 
Current 

■cc 

Maximum Quiescent 
Supply Current 



Ta = 25X 


Typ 


74HCT 54HCT 

Ta = - 40 to 85°C Ta = - 55 to 1 25°C 


Guaranteed Limits 


V|N = V|H orViL 
|IoutI=20 jhA 
|Iout 1=6.0 mA, Vcc = 4.5V 
I IoutI = 7.2 mA, Vcc = 5.5V 


V|N = ViH orV|L 

|IoutI = 20)xA 0 

|louTl = 6.0mA,Vcc = 4.5V 0.2 

IIoutI = 7.2 mA,Vcc = 5.5V 0.2 


I 



V|N = Vcc or GND, 
ViHorViL 


VouT = VccorGND 
Enable = V|H orVIL 


V||g = VccorGND 

IOUT=0 pA 


Vin = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from SS'C to 85°C; ceramic "J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. All others tied to Vcc o' ground. 


2.0 

2.0 

0.8 

0.8 

Vcc“0.i 

3.98 

4.98 

Vcc-0.1 

3.84 

4.84 

0.1 

0.1 



±0.1 

±1.0 

±0.5 

±5.0 

8.0 

80 





Vcc ~ 0.1 

3.7 

4.7 




1-533 


MM54/MM74HCT574 





























































MM54/MM74HCT574 


AC Electrical Characteristics vcc=5v, ta=25“c, tr=tf=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

fWAX 

Maximum Operating Frequency 


50 

35 

MHz 

tpHL. tpLH 

Maximum Propagation Delay, Clock to Q 

Cl= 45 pF 

12 

20 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 
Cl= 45 pF 

13 

25 

ns 

tpHZ. tpLZ 

Maximum Output Disable Time 

Rl=i kn 
Cl=5pF 

11 

20 

ns 

ts 

Minimum Set-Up Time 



20 

ns 

tH 

Minimum Hold Time 



0 

ns 

tw 

Minimum Pulse Width 



16 

ns 


AC Electricai Characteristics Vcc=5V±10%, Cl= 50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Ta= 

25°C 

74HCT 

Ta= -40 to 85°C 

54HCT 

Ta=- 55 to125“C 

Units 







Typ 


Guaranteed Limits | 


^MAX 

Maximum Operating Frequency 



30 

24 

20 

MHz 

tPHL. tpLH 

Maximum Prop^ation 

Cl = 50 pF 

13 

23 

29 

35 

ns 


Delay, Clock to Q 

Cl = 150 pF 

19 

31 

47 

47 

ns 

tpZH. tpZL 

Maximum Output Enable Time 

Rl=i kn 








Cl=50pF 

14 

28 

35 

42 

ns 



Cl = 150 pF 

20 

36 

45 

54 

ns 

fPHZ. tpLZ 

Maximum Output Disable Time 

Rl=i kn 

Cl = 50pF 

12 

25 

31 

38 

ns 

ts 

Minimum Set-Up Time 



20 

25 

30 

ns 

tH 

Minimum Hold Time 



0 

0 

0 

ns 

tTHL. tTLH 

Maximum Output Rise 
and Fall Time 

Cl=50pF 

7 

12 

15 

18 

ns 

tw 

Minimum Pulse Width 


9 

16 

20 

24 

ns 

tritf 

Maximum Output Rise 
and Fall Time 



500 

500 

500 

ns 

CpD 

Power Dissipation Capacitance 

OC=VCC 

30 




pF 


(Note 5) 

OC=GND 

50 




pF 

C|N 

Maximum Input Capacitance 


5 

10 

10 

10 

pF 

Gout 

Maximum Output Capacitance 


15 

20 

20 

20 

pF 


Note 5: Cpo determines the no load dynamic power consumption, Pd=Cpo Vcc* *+Icc ^cC' arid the no load dynamic current consumption, 
ls = CpD Vcc t+icc- 

Note 6: Refer to back of this section for Typicai MM54/74HC AC Switching Waveforms and Test Circuits. 


1-534 






























































































































National 

Semiconductor 


microCMOS 


MM54HCT590/MM74HCT590 8-Bit Binary Counter with 
TRI-STATE® Output Register 


General Description 

These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power of CMOS logic, while offering the high speed opera- 
tion and large output drive typically associated with 
bipolar circuits. This device is input compatible with 
54LS/74LS and other TTL output compatible circuits, and 
may be used as a lovyer power direct replacement for the 
LS equivalent device. 

The MM54HCT590/MM74HCT590 contain an 8-bit binary 
counter which feeds an 8-bit register. The counter is incre- 
mented on th e rising edge of the CCK input, provided that 
clock enable, CCKEN, is low. When the counter increments 
to the all ones condition ripple carry out, RCO, will go low. 
This enables eith er syn chronous cascading of the cou nters 
by connecting the RCO of the first stage to the CCKEN of the 
second, or clocking both circuits in p arallel . Ripple cascading 
is accomplished by connecting the RCO of the first to the 
CCK of the second stage. A clear input is also provided which 
will reset the counter to the all zeros state. 


The output register is loaded with the contents of the 
counter on the rising edge of the register clock, RCK. The 
outputs of this register feed TRI-STATE outputs which are 
enabled when the enable input, G, is taken low. This 
enables connection of this part to a system bus. 

The MM54HCT590/MM74HCT590 are functional, speed 
and pin equivalent to the equivalent LS-TTL circuit, and 
may be used as a direct replacement for the equivalent 
LS-TTL 1C. Its inputs are protected from damage due to 
electrostatic discharge by diodes from Vcc to ground. 


Features 

B Wide power supply range: 4.5V to 5.5V 
O Guaranteed TTL compatible input logic levels: 2.0V and 
0.8V 

D Wide operating frequency range: 30 MHz 
■ High output current drive: 6.0 mA min 
B Low quiescent power consumption: 80 /tA (74HCT) 


Connection Diagram 


Dual-In-Line Package 


1 

zr- 

16 

— Vcc 

2 

15 

— Qa 

3 

14 

— G 

4 

13 

— RCK 

5 

12 

— CCKEN 

6 

11 

— CCK 

7 

10 

— CCLR 

8 

9 

— RCO 
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National 

Semiconductor 


microCMOS 


MM54HCT592/MM74HCT592 8-Bit Binary Counter 
with Input Register 

I\/1WI54HCT593/MM74HCT593 8-Bit Binary Counter 
with Bidirectional Input Register/Counter Outputs 

General Description 

These counters are implemented using an advanced The ’HCT592 differs from the 'HCT593 in that the latter 
3.0 micron silicon gate N-well microCMOS process to device has bidirectional input/output pins. The TRI-STATE® 
achieve high performance. These devices retain the low outputs of the_counter can be enabled and are active when 
power of CMOS logic, while offering the high speed opera- enable input, G, is taken low and input G is taken high. The 
tion and large output drive typically associated with outputs of the counter then appear on the register inputs, 
bipolar circuits. This device is input compatible with This enables connection of this part to a system bus. The 
54LS/74LS and other TTL output compatible circuits, and ’HCT593 also has a second clock enable pin, CKEN, which 
may be used as a lower power direct replacement for the is activ e high a nd it also has an active low register clock 
LS equivalent device. enable, RCKEN. 


The MM54HCT592/MM74HCT592 and the MM54HCT593/ 
MM74HCT593 contain an 8-bit register which feeds an 8-bit 
binary counter. The counter is incremented on t he rising 
edge of the CCK input, provided that clock enable, CCKEN, 
is low. When the co unter increments to the all ones condition, 
ripple carry out, RCO, will go low. This enables either 
synch ronous cascading of the counters by connecting the 
RCO of the first stage to the CCKEN of the second, or 
clocking both circuits in p arallel . Ripplecascading is accom- 
plished by connecting the RCO of the first to the CCK of the 
second stage. A clear input is also provided which will reset 
the counter to the all zeros state. 

The input register is loaded on the rising edge of the 
register clock, RCK. The outputs of this register feed the 
counter. The counter i s loaded with the register’s contents 
when the clock load, CLOAD, input is taken low. 

Connection Diagrams 


Dual-In-Line Package 
MM54HCT592/MM74HCT592 



TOP VIEW 


7L/F/C'769-1 


The MM54HCT592/MM74HCT592 and the MM54HCT593/ 
MM74HCT593 are functional, speed and pin equivalent to 
the’equivalent LS-TTL circuit and may be used as a direct 
replacement for the equivalent LS-TTL 1C. Their inputs are 
protected from damage due to electrostatic discharge by 
diodes from Vcc to ground. 

Features 

O Wide power supply range: 4.5V to 5.5V 
Q Guaranteed TTL compatible input logic levels: 2.0V and 
0.8V 

□ Wide operating frequency range; 30 MHz 
a High output current drive: 6.0 mA min 
n Low quiescent power consumption: 80 /lA (74HCT) 

Dual-ln-Line Package 
MM54HCT593/MI\/I74HCT593 



TOP VIEW 

rL/F/5769-2 
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MM54/74HCT592 

MM54/74HCT593 
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Logic Diagrams (Continued) 


G 

G 

CCLR 

CCKEN 

CCKEN 

CCK 

CLOAD 

rMn 

RCK* 

A/Qa 


B/Qb 


C/Qc 


0/Qd 


E/Qe 


F/Qf 


G/Qg 


H/Qh 


HCT593 


( 19 ) 
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MM54/74HCT640 

MM54/74HCT643 



microCMOS 


M[\/i54HCT640/[\/|[V174HCT640 
Inverting Octal TRI-STATE® Transceiver 
SVIM54HCT643/[y][V174HCT643 
True-Inverting Octal TRI-STATE Transceiver 


General Description 

These TRI-STATE bi-directional buffers utilize micro- 
CMOS Technology, 3.0 micron silicon gate N-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption of CMOS circuitry, yet have speeds compara- 
ble to low power Schottky TTL circuits. 

All devices are TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vcc and ground. 

Both the MM54HCT640/74HCT640 and the MM54HCT643/ 
74HCT643 have one active low enable input i G ), and a direc- 
tion control (DIR). When the DIR input is high, data flows 
from the A inputs to the B outputs. When DIR is low, data 
flows from B to A. The MM54HCT640/74HCT640 transfers 


inverted data from one bus to the other. The MM54HCT643/ 
74HCT643 transfers inverted data from the A bus to the B bus 
and non-inverted data from the B bus to the A bus. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 

n TTL Input Compatible 

n Octal TRI-STATE outputs for jaP bus applications: 

6 mA, typical. 

□ High Speed: 12 ns typical propagation delay 
B Low power: 80 fiA maximum {74HCT) 


Connection Diagrams Dual-ln-Line Package 


ENABLE 


Vcc ° B2 B3 64 BS BE B7 BB 



ENABLE 

Vcc G D' BE B3 B4 B5 BE B7 BB 



TOP VIEW TL/F/5344-1 

MM54HCT640/MM74HCT640 


TOP VIEW TL/F/5344-2 

MM54HCT643/MM74HCT643 


54HCT640 (J) 74HCT640 (J,N) 


54HCT643 (J) 74HCT643 (J,N) 


Truth Table 


Control 

Inputs 

Operation 

G 

DIR 

640 

643 

L 

L 

B data to A bus 

B data to A bus 

L 

H 

A data to B bus 

A data to B bus 

H 

X 

Isolation 

Isolation 


1-1 = high level, L=low level, X= irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc+ 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 35 mA 

DC Vcc or GND Current, per pin (Icc) ±70 mA 

Storage T emperature Range (T stg) ~ 65°C to + 1 50°C 

Power Dissipation (Pp) (Note 3) 500 mW 

Lead T emperature (T iJ (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.VoUT) 

Operating Temperature Range(TA) 
MM74HCT -40 

MM54HCT -55 

Input Rise or Fall Times 
(tr. tf) 


DC Electrical Characteristics (Vcc=5V ±10%, unless othenwise specified) 


Ta=25X 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Voltage 

l|N 

Maximum Input 
Current 

Iqz 

Maximum TRI- 
STATE Output 
Leakage Current 

Icc 

Maximum Quiescent 
Supply Current 


Conditions 


74HCT 54HCT 

Ta = - 40 to 85“C Ta = - 55 to 1 25X 


Guaranteed Limits 


2.0 



|IoutI = 20 fiA 
I IoutI = 6.0mA, Vcc = 4.5V 
llourh 7.2mA, Vcc= 5.5V 


|IoutI = 20/xA 0 

I IoutI = 6.0mA, Vcc = 4.5 V 0.2 
IIoutI = 7.2mA, Vcc= 5.5V 0.2 


V|N — Vcc or GND, 
V|H orViL 


VouT=_ycc or GND 
EnableG = V|H or V|l 


■ 



±0.1 

±1.0 

±1.0 

fiA 

±0.5 

±5.0 

±10 

}iA 

8 

80 

160 

}lA 

1.0 

1.3 

1.5 

fiA 


loUT = 0p,A 


V|n = 2.4V or 0.5V 
(Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package; -12 mW/°C from 65°C to 85°C; ceramic “J” package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per input. All other inputs held at Vcc or ground. 


AC Eiectrical Characteristics mm 54 hct 64 o/mm 74 hct 64 o 

Vcc = 5.0V, tr=tf=6 ns, Ta=25°C (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tpHL. tPLH 

Maximum Output 
Propagation Delay 

Cl= 45 pF 

13 

20 

ns 

tpZL. tpZH 

Maximum Output 
Enable Time 

C[_=45 pF 
Rl=i kn 

29 

40 

ns 

tpLZ. tpHZ 

Maximum Output 
Disable Time 

Cl = 5pF 
Rl=i kn 

; 20 

i 

25 

ns 
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MM54/74HCT640 

MM54/74HCT643 


AC Electrical Characteristics mm54hct64o/mm74hct64o 


Vcc=5.0V ± 10%, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Ta=25X 

,74HCT 

Ta= -40 to 85°C 

54HCT 

Ta=- 55 to125°C 

Units 

Typ 

I Guaranteed Limits 

tpHL. <PLH 

Maximum Output 
Propagation Delay 

Cl =50 pF 

17 

23 

29 

34 

ns 

Cl = 150pF , 

17 

30 

38 

45 

ns 

tpZH. tpZL 

Maximum Output 
Enable Time 

RL=1kn 

Cl = 50 pF 

31 

42 

53 

63 

ns 

Cl = 150 pF 

35 

49 

62 

74 

ns 

tpHZ. tpLZ 

Maximum Output 
Disable Time 

RL=1kn 

Cl =50 pF 

21 

30 

/ 38 

45 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 


6 

12 

15 

18 

ns 

wm 

Maximum Input 
Capacitance 


10 

15 

15 

15 

pF 

Gout 

Maximum Output 
Capacitance 


15 

20 

20 

20 

pF 

CpD 

Power Dissipation 
Capacitance (Note 5) 

(per output) G = Vcc 

G = GND 

7 

100 




Li. LL 
Q. Q. 


AC Electrical Characteristics mm54hct643/mm74hct643 

Vcc=5.0V, t|.=tf=6 ns, Ta= 25‘’C (unless otherwise specified) (Note 6) 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limits 

Units 

tPHL. tPLH 

Maximum Output 
Propagation Delay 

Cl = 45 pF 

13 

20 

ns 

tpZL. tpZH 

Maximum Output 
Enable Time 

Cl = 45pF 
Rl=i kn 

29 

40 

ns 

tPLZ. tPHZ 

Maximum Output 
Disable Time 

Cl= 5 pF 
Rl=i kn 

20 

25 

ns 


AC Electrical Characteristics mm54hct643/mm74hct643 

Vcc=5.0V ± 10%, tr=tf=6 ns (unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Ta = 25»C 

74HCT 

TA=-40to85'’C 

54HCT 

Ta= -55 to125'’C 

Units 

Typ 

Guaranteed Limits | 

tpHL. tPLH 

Maximum Output 
Propagation Delay 

Cl = 50 pF 

17 

23 

29 

34 

ns 

Cl = 150 pF 

17 

30 

38 

45 

ns 

tpZH. fpZL 

Maximum Output 
Enable Time 

RL = 1kn 

Cl = 50 pF 

31 

42 

53 

63 

ns 

Cl = 150 pF 

35 

49 

62 

74 

ns 

tpHZ. tpLZ 

Maximum Output 
Disable Time 

Rl= kn 

Cl = 50 pF 

21 

30 

38 

45 

ns 

ns 

tTHL. tTLH 

Maximum Output 

Rise and Fall Time 


6 

12 

15 

18 

ns 

C|N 

Maximum Input 
Capacitance 


10 

15 

15 

15 

pF 

Gout 

Maximum Output 
Capacitance 


15 

20 

20 

20 

pF 

GpD 

Power Dissipation 
Capacitance (Note 5) 

(per output) G = Vcc 

G = GND 

7 

100 



' 

pF 

pF 


Note 5; Cpo determines the no load power consumption. Pq = C poVcc^f + IccVcc- no load dynamic current consumption, Is = CpoVcc + Icc- 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveform? and Test Circuits. 
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National 

Semiconductor 


microCMOS 


MM54HCT688/MM74HCT688 

8-Bit Magnitude Comparator (Equality Detector) 


General Description 

This equality detector utilizes microCMOS Technology, 3.0 
micron silicon gate N-well CMOS to compare bit for bit two 
8-bit words and indicate whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 

Features 

■ TTL Input Compatible 

n Typical propagation delay: 20 ns 
a Low quiescent current: 80 jixA maximum (74HCT series) 
n Large output current: 4 mA 

■ Same as HCT521 
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MM54/74HCT688 


Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5toVcc+1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering 10 seconds) 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HCT688 -40 

MM54HCT688 -55 

Input Rise or Fall Times 

(tr.tf) 


Max 

5.5 

Vcc 


+ 85 
+ 125 


500 


Units 

V 

V 


260‘‘C 


DC Electricai Characteristics 

(Vcc=5V ±10% unless otherwise specified) 


Symboi 

Parameter 

Conditions 

Ta 

= 25°C 

74HCT 

Ta=-40 to 85°C 

54HCT 

Ta= -55 tOl25°C 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 



2.0 

2.0 

2.0 

V 


Input Voltage 







V|L 

Maximum Low Level 



0.8 

0.8 

0.8 ■ 

V 


Input Voltage 







Vqh 

Minimum High Level 

V|n = 0.8V or 2.0V 







Output Voltage 

|IoutI = 20 fi,A 

Vcc 

Vcc--1 

Vcc--i 

< 

o 

o 

\ 

V 



1 IoutI = 4.0 mA, Vcc = 4.5V 


3.98 

3.84 

3.7 

V 



IIoutI = 4.8 mA, Vcc= 5.5V 


4.98 

4.84 

4.7 

V 

Vql 

Maximum Low Level 

V|n = V0.8V or 2.0V 

■1 






Voltage 

|loUTl=20fiA 

Hi 

0.1 

0.1 

0.1 

V 



I'outI"4.0 mA, Vcc = 4.5V 




0.4 

V 



110011 = 4.8 mA, Vcc = 5.5V 


Wmm 


0.4 

V 

l|N 

Maximum Input 

V|N = Vcc or GND 


±0.1 

±1.0 

±1.0 

ju,A 


Current 







•cc 

Maximum Quiescent 

V|N = Vcc or GND 


8.0 

80 

160 

fiA 


Supply Current 

louT=0 








V|n = 2.4V or 0.4V (Note 4) 





mA 


Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified ali voitages are referenced to ground. 

Note 3: Power Dissipation temperature derating — piastic "N” package: -12 mW/”C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: Measured per pin. Ail other inputs held at Vcc or ground. 
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AC Electrical Characteristics Vcc = 5V, = 25“C, Cl = 15 pF, - t( -- 6 ns (unless otherwise specifiedi 


Symbol 

Parameter 

'PHL 

Maximum Propagation 

Delay - P or Q to Output 

'PLH 

Maximum Propagation 

Delay - P or Q to Output 


Maximum Propagation 
Delay - Enable to Output 

Maximum Propagation 
Delay - Enable to Output 




AC Electrical Characteristics Vqq = sv ± io%, Cl = so pf, t^ = tj = e ns luniess otherwise specified. 


Symbol 

Parameter 

*PHL 

Maximum Propagation 

Delay - P or 0 to Output 

¥lh 

Maximum Propagation 

Delay - P or Q to Output 

tpHL 

Maximum Propagation 

Delay - Enable to Output 

*PLH 

Maximum Propagation 

Delay - Enable to Output 

tTHL’ *TLH 

Maximum Output Rise 
and Fall Time 

CpD 

Power Dissipation 

Capacitance (Note 5) 

C|N 

Maximum Input 

Capacitance 


Condition Typ 


74HCT 54HCT 

C TA = -40°Cto85°C Ta --55to 125°C 


Guaranteed Limits 



35 

44 

53 

24 

30 

36 

24 

30 

36 

20 

25 

30 

15 

19 

22 




10 

i 

10 

10 


Note 5: Cpn cJetermines the no load dynamic power consumption, Pq = Cpp Vcc^ *'*^*CC dynamic current consumption, 

Is = CpQ VpQ f+lcc- 

Note 6: Refer to back of this section for Typical MM54/74HCT AC Switching Waveforms and Test Circuits. 
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MM54/74HCU04 



National 

Semiconductor 



MM54HCU04/MM74HCU04 Hex Inverter 



General Description 

These inverters utilize microCMOS Technology, 3.5 micro 
silicon gate P-well CMOS, to achieve operating speeds simi- 
lar to LS-TTL gates with the low power consumption of stan- 
dard CMOS integrated circuits. 

The MM54HCU04/MM74HCU04 is an unbuffered inverter. 
It has high noise immunity and the ability to drive 15 LS-TTL 
loads. The 54HC/74HC logic family is functipnally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge, by internal diode clamps to Vcc and ground. 

Connection and Schematic Diagrams 


Features 

■ Typical propagation delay: 7 ns 

■ Fan out of 15 LS-TTL loads 

■ Quiescent power consumption: 10 juA maximum 
at room temperature 

B Typical input current: 10 “5 


Dual-ln-Llne Package 



TOP VIEW 

MM54HCU04/MM74HCU04 
54HCU04 (J) 74HCU04 (J,N) 


TL/F/5296-1 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) ~0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vout) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to +150°C 
Power Dissipation (Pq) (Note 3) 500 mW 


DC Electrical Characteristics (Note 4) 


Operating Conditions 


-0.5 to +7.0V 


Min 

Max 

Units 

-1.5 toVcc + 1.5V 

Supply Voltage(Vcc) 

2 

6 

V 

-0.5 to Vcc + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vqut) 




±25 mA 

Operating Temperature Range(TA) 



±50 mA 

MM74HC 

-40 

+ 85 

"C 

-65°Cto ±150‘“C 

MM54HC 

-55 

+ 125 

'C 

500 mW 

Input Rise or Fall Times 




londs) 260°C 

(tf.tf) Vcc=2V 


1000 

ns 


Vcc = 4.5V 


500 

ns 


Vcc = 6.0V 


400 

ns 


Symbol 

Parameter 

V|H 

Minimum High Level 
Input Voltage 

V|L 

Maximum Low Level 
Input Voltage 

Vqh 

Minimum High Level 
Output Voltage 

Vql 

Maximum Low Level 
Output Voltage 

l|N 

Maximum Input 
Current 

Ice 

Maximum Quiescent 
Supply Current 


Ta=25’C 


Typ 



Guaranteed Limits 

1.7 

1.7 

1.7 

3.6 

3.6 

3.6 

4.8 

4.8 

4.8 


|IoutI^20 p-A 


V|n = GND 
|IoutI^ 4.0 mA 
il0UTi^5.2 mA 


V|N = V|H 
|IoutI^ 20 pA 


2.0 V 2.0 1.8 
4.5V 4.5 4.0 
6.0V 6.0 5.5 


4.2 3.98 
5.7 5.48 


2.0V 0 0.2 

4.5V 0 0.5 

6.0V 0 0.5 


V|N = '^CC 
|IoUtI^ 6.0 mA 
|IoutI^ 7.8 mA 


V|[g = VccorGND 6.0V 


0.2 0.26 

0.2 0.26 


IOUT=0 mA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2; Unless otherwise specified all voltages are referenced to ground. , 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85'C; ceramic "J" package: -12 mW/°C from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vin and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54/74HCU04 


AC Electrical Characteristics 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tpLH 

Maximum Propagation 
Delay 


■ 

13 

ns 


AC Electricai Characteristics 

Vcc = 2.0V to 6.0V, Cl = 50 pF, tr=tf = 6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 25°C 

74HC 

TA=-40to85°C 

54HC 

Ta=- 55 to125°C 

Units 

Typ 

1 Guaranteed Limits 

tPHL. tPLH 

Maximum Propagation 



49 

82 

103 

120 

Mm 


Delay 



9.9 

16 

21 

24 

■9 




1^1 

8.4 

14 

18 

20 

ns 

tTLHi tTHL 

Maximum Output Rise 


2.0V 

30 

75 

95 

110 

ns 


and Fall Time 


4.5V 

8 

15 

19 

22 

ns 




6.0V 

7 

13 

16 

19 

ns 

CpD 

Power Dissipation 

(per gate) 


90 




pF 


Capacitance (Note 5) 








Qn 

Maximum Input 



8 • 

15 

15 

15 

pF 


Capacitance 









Note 5: CpD determines the no load dynamic power consumption, Pd=Cpd Vcc^ f+lcc Vcc. and the no load dynamic current consumption, 
ls = CpQ Vcc f+icc- 

Note 6: Refer to Section 1 for Typical MM54/74 HC AC Switching Waveforms and Test Circuits. 


Typical Applications 


R2 





R2 

/// 



■VOUT 


FIGURE 2. Stable RC Oscillator 


Ri 

V|N vV/~ 


H2 




R2 > 

— VouT 


FIGURE 3. Schmitt Trigger 
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MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms 





Test Circuit for Push Pull Outputs 


Test Circuit for TRI-STATE Output Tests 



Cl (NOTE 1) 


Not 0 1: Cl includes load and test jig capacitance. 

Note 2; Si “ Vcc *or tpzL. and tpLZ measurements. 
SI = Gnd for tpzH. and tpHZ measurements. 


Test Circuit for Open Drain Outputs 


INPUT 





Propagation Delay Waveforms 


Input Pulse Width Waveforms 
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High Speed CMOS 
AC Diagrams 






High Speed CMOS 
AC Diagrams 
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MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms 


DEVICE 

UNDER 



1 

DEVICE 

TEST 

Cl (NOTE 1) 

input O^— 

UNDER 

TEST 

i 

TL/F/5376-1 


1 


Test Circuit for Push Pull Outputs 


TL/F/5376-2 

Test Circuit for TRI-STATE Output Tests 




TL/F/5376-3 

Test Circuit for Open Drain Outputs 


Note 1: Cl includes load and test jig capacitance. 

Note 2: SI “ Vcc *or tpzL. and tpLz measurements. 
SI = Gnd for tpzH. and tpHZ measurements. 


INPUT -J-1.3V 

10 */. 



^10*/. 

, ► 


— 

i 

■ 1.3V 

Ipui 1 

~ t.3V 

L 



J Voi 

/ 

TL/F/5376-9 ' 


Propagation Delay Waveforms 


jjF-9D% 

1.3V 1.3V' 


1.3V 1.3V 

^ 10 % 10 %-]^ 


Input Pulse Width Waveforms 
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High Speed CMOS 
AC Diagrams 






High Speed CMOS 
AC Diagrams 


MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms (Continued) 




Not* 3: Waveform for negative edge sensitive circuits will be Inverted 
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Introduction 


Gate arrays are very popular semi-custom IC products. 
They can be thought of as the next step in the evolution of 
complex chips. 

In brief, a gate array is a geometric pattern of basic gates 
contained on one chip. It is possible to selectively inter- 
connect these gates to form a complex function for cus- 
tomer-specific logic applications. 

This concept originated a number of years ago in many 
computer houses. The more recent appearance of gate ar- 
rays in major new computer systems has attracted atten- 
tion to this technique of providing digital circuits. 

PRODUCING THE SYSTEM-ON-A-CHIP 

Gate arrays take the industry one step cioser to the com- 
piete system on a singie siiicon chip. The objective is to 
combine the iogic of a iarge number of SSi and MSI pack- 
ages (which would occupy a large part of a PC board) and 
squeeze all this logic onto a singie gate array chip. Sys- 
tems designers wiii therefore exchange iogic chip cata- 
iogs for macrocell libraries, and PC board layouts for 
placement and routing of interconnects on a siiicon wafer. 
Circuit design is finaiiy returning to the systems houses. 

Through the modern miracle of software, systems de- 
signers wiii convert their iogic diagrams into the detailed 
information that is needed to make IC Interconnection 
masks. The semiconductor manufacturer wiii then make 
these masks and pattern some existing, neariy finished 
wafers with this custom interconnect pattern. 

Software-generated test tapes wiii verify product func- 
tionaiity, and these ICs wiii then be shipped to the 
customer— a cycie that is not much different from photo- 
graphic film processing: a roll of film is sent in, and prints 
are returned. 

There are many benefits that resuit from the use of gate 
arrays. One of the more important is the reduction in the 
time required to design a new system. Performance 


advantages aiso result because of higher levels of inte- 
gration, yieiding higher speed for the same power dissipa- 
tion, or a reduction in power consumption. The smailer 
totai number of externai connections between compo- 
nents aiso increases system reiiabiiity. 

DESIGNING GATE ARRAY PRODUCTS 

The major events involved in designing a gate array are 
shown in Figure 2-1. 

Taken in sequence, the steps are: 

1. The entry (by the customer) of the iogic design into a 
computer system via a graphic capture or a netiist (an 
aiphanumeric format). 

2. A iogic simuiation then ensures the proper functioning. 
During this phase, test programs are generated and 
fault-graded to ensure adequate detection of bad chips. 
The soiution'to this testing probiem is a major part of the 
gate array design and often requires additional logic. To 
heip soive this probiem, special circuitry has been in- 
ciuded in the base array design of Nationai’s larger array 
chips. 

3. With a proper iogic diagram (which aiso soives the 
testing requirenrients), the next step is the piacement or 
iocation of the specific macrocells. This is foliowed by 
a routing program that interconnects the macros. Tran- 
sient anaiysis programs can then show the timing to 
expect since the added capacitance ioading of the ac- 
tual interconnect lines is used. 

4. From here, pattern generator (PG) tapes are made 
which ailow the fabrication of the masks: 1st-layer 
metai, 2nd-layer metal, and the via mask for connection 
between the metal layers. These masks are then used 
to pattern your custom logic onto existing siiicon 
wafers. 

5. Finished parts are finai tested and shipped, completing 
the design cycie. 


Terminal 

1*1 

■ 


1 


Remote 
Design Entry 



FIGURE 2-1. The Development System for Gate Arrays 
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PROVIDING NEW GATE ARRAY TECHNOLOGIES 

National continues to deveiop new technologies for high- 
performance gate arrays and offers a dual-metal silicon- 
gate CMOS family, as well as a high-speed bipolar ECL 
family. The SCX series CMOS gate arrays have been in pro- 
duction in both 3-micron and 2-micron drawn geometries 
and provide typical gate delays of 2 ns and 1 ns, respec- 
tively. For applications demanding sub-nanosecond 
delays, the MCA series of ECLgate arrays is avaiiableand 
provides the ultimate in high-speed performance. 

DESIGN AUTOMATION IS THE KEY TO SUCCESS 

National’s design automation tools start with a full com- 
plement of hardware macros, the basic building blocks 
from which a user can select functions to implement his 
logic. From these logic blocks come an ever increasing list 
of software macros. These are made up of hardware 
macros that have been pre-arranged and verified for 7400 
series logic implementation. 

All hardware and software macros are supported by a fully 
integrated CAE/CAD system that includes graphic work- 
station data entry, timing verification, logic simulation, 
fault grading, design verification, and 100% auto-piace- 
and-route. 


The present product offerings in CMOS gate arrays are 
listed in Figure 2-2. 

Notice that the new 2 /im products have internal prop- 
agation delays of only 1 ns and can be operated at up to 
110 MHz toggle frequencies. The largest array size con- 
tains 6090 equivalent 2-input gates. 

THE USE OF NEWER PACKAGES 

These new gate array products have large numbers of 
potential inputs and outputs to accommodate different 
design architectures. National has developed new pack- 
ages for these devices such as the 1 24-pin grid array (PGA) 
shown in Figure 2r3. 

Specific array designs, however, can be done in a wide 
variety of package options, including ieaded chip carriers, 
plastic and ceramic leadless chip carriers, and standard 
DIPS. Lead counts range from 28 to 172 pins. 

The customer offerings in semi-custom will be expanded 
to include cell arrays and functional block arrays. This is a 
very dynamic market-— please contact your National sales 
representative for the current status of our semi-custom 
circuit capability. 


Device 

2-Input 

Internal 

Toggle 

(Technology) 

Eq. Gates 

tpD(ns) 

Frequency (MHz) 

SCX6306 (3 ^m) 

648 

2.0 

70 

SCX6312(3 ^lm) 

1260 

2.0 

70 

SCX6324 (3 /rm) 

2385 

2.0 

70 

SCX6348 (3 /rm) 

4860 

2.0 

70 

SCX6360 (3 ,4m) 

6090* 

2.0 

70 

SCX6206 (2 ,tm) 

648 

1.0 

110 

SCX6212(2 ,4m) 

1260 

1.0 

110 

SCX6224 (2 ,4m) 

2385 

1.0 

110 

SCX6248 (2 ,4m) 

4860 

1.0 

110 

SCX6260 (2 ,4m) 

6090* 

1.0 

110 


* Plus 2500 additional gates for on-chip self test. 

FIGURE 2-2. Current CMOS Gate Arrays 



FIGURE 2-3. A 124-Pin Grid Array Package for the 2.4k Array 
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sex Series of 2-Micron and 3-Micron CMOS Gate Arrays 


Technology Device 

2-Input 

Eq. Gates 

Gate 

Delay (ns)t 

Toggle 
Freq. (MHz)t 

Input Pads 

I/O Pads 

3lj. 

6306 

648 

2 

70 

— 

37 


6312 

1260 

2 

70 

17 

42 


6324 

2385 

2 

70 

55 

56 


6325 

2430 

2 

70 

12 

76 


6348 

4860 

2 

70 

53 

54 


6360* 

6090 

2 

70 

66 

88 

2/. 

6212 

1260 

1 

110 

17 

42 


6224 

2385 

1 

110 

55 

56 


6225 

2430 

1 

110 

12 

76 


6248 

4860 

1 

110 

53 

54 


6260* 

6090 

1 

110 

66 

88 


'advanced gate array architecture with on-chip test facility 
ttypical 2-input gates 

^assumes fanout of 3 for typical D flip/flop 


Features 

■ Latch-up proof, state-of-the-art 3/t/2^ dual-metal silicon-gate microCMOS technology 

■ Ultra-high perforrnance— 2 ns/1 ns typical gate delays 

■ High density— to the equivalent of 6000 2-input gates 

■ Self-test capability— available on 6000-gate devices 

■ Advanced high-density packages— up to 172 pins 

■ Complete hardware/software macrocell libraries 

■ 100% auto-place-and-route— supported by a fully integrated design automation 
system 

■ Full 883B screening over military temperature range 
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sex 6324 microCMOS 2.4k Gate Array 
NSOOOU Option User’s Note 


Introduction 

The sex 6324 CMOS 2.4k Gate Array is fabricated on a 
3-micron, dual metal, N- Well, 5V microCMOS Process 
which typically provides internal propagation delay of 2ns 
for a 2-input NAND gate. 

The Test Chip Option of the SCX 6324A (NSOOOU option) 
contains all macro cells currently available for design 
(as of October, 1982). It is intended for engineering eval- 
uation and as a sampling part for AC performance dem- 
onstration. 

A schematic drawing follows and a test setup scheme is 
shown on page 2-9. 


Test Set Up 


Metal Loading Evaluation: Three strings of inverters are 
included in this Test Chip for the metal loading evalua- 
tion. One is without any extra metal loading except for 
interconnect; the other two are loaded with 200-rnil run 
of either metal 1 or metal 2 at each inverter stage. Refer 
to the schematic drawing for details. (See Note 1.) 

Notes: 

1. Other than on these gate strings (see “Metal Loading Evaluation” 
above), no additional loading capacitance Is added. All other macros 
are generally connected with a minimal amount of interconnect— the 
amount of parasitic capacitance incurred is not shown. 

2. All macros intended for internal array use, but brought directly to 
output pins, are not protected against latch-up. (All true output buffer 
options of the I/O are fully protected.) 


The Test Chip option of the SCX6324 contains circuitry 
for engineering evaluation of macro functions that are 
currently available. Some circuits may have unprotected 
inputs/outputs, thus evaluations should be done undera 
controlled environment. Users are advised to use only 
those circuits that are mentioned in this note. Connec- 
tions to any other pins may cause damage to the device. 

A test set-up scheme is suggested in Figure 4 for refer- 
ence, together with a selection table for each macro 
given in Table 1. 

Input Pull-Up: All inputs (except pins 87 and 88) are 
provided with internal pull-up; grounded inputs will 
source approximately 8pA each at 25'’C and Vdq = 5V. 

AC Performance of a Macro: The outputs of all macros 
are fed to the external pins via a MUX and an output buf- 
fer, so their exact AC performance should be found by 
subtracting the delay due to these MUXs and buffers. 
Pins 59 and 55 (labelled as "input signal reference”) can 
be used to determine this extra delay. 

Internal TRI-STATE® Macro: S9 and S10 are TRI-STATE 
buffers intended for use within the array. They are 
brought out to the external pin in this Test Chip option. A 
scope probe with low loading should be used to give 
better approximation of their performance. A low capaci- 
tance FET probe, is recommended. It is unlikely that 
much less than 8-10pF of parasitic loading can be 
achieved. (See Note 2.) 

Unprotected I/O Pins: There are I/O pins in this option 
that are not protected. Extreme care should be exercised 
in using them to avoid latch-up, oxide rupture, etc. 

NOTE: This document also applies to the 2-micron SCX 6224 test chip in 
terms of circuit configuration and pin arrangement. 


On-Chip Test Circuit 


All options of the SCX6324 are provided with on-chip 
test circuitry, at the cost of a single input pin, to create 
TEST MODE. With this pin active (LOW), two additional 
pre-defined inputs are jointly employed to force all out- 
puts to HIGH, LOW or Hi-Z states and thus reduce test 
time in gathering output parametrics. These two pins 
further function as conventional inputs (either TTL or 
CMOS when in TEST MODE, HIGH) with no performance 
penalty apparent to the user. 

TEST MODE CONTROL (TMC): A LOW at this input will 
activate the test circuitry. All output buffers are to be 
driven by TEST DATA (DT) and TRI-STATE TEST 
CONTROL (TSTC) pins. 

TRI-STATE TEST CONTROL (TSTC): A HIGH at this input, 
together with TMC low, puts all TRI-STATE output buf- 
fers to Hi-Z state. 

TEST DATA (DT): Input to this pin, with TMC low, forces 
all outputs to either HIGH or LOW. 


TEST CIRCUITRY 


TEST DATA (DT) 


ARRAY ^ 
DATA 


TRI-STATE (TSTC) 


TRI-STATE w 
(ARRAY) 


See Table 2 
for Operation 


FIGURE 1 
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Table 1. Macro Selection 
(See Test Setup) 


Macro 

Function 


2I/PNAND 
3 I/P NAND 


2 I/P NANDw/QB 
2 I/P NANDw/QB 


2 I/P NOR 

3 I/P NOR 


2 I/P NOR w/QB 
2 I/P NOR w/QB 


Clock Buffer 
Inverter 


TRI-STATE Buffer 
TRI-STATE Buffer 


2 I/P Exclusive-OR 
NANDRS Latch 


NAND RS Latch 
NOR RS Latch 


NOR RS Latch 
2-2 0R-NAND 


2-2 0R-NAND 
2-2 AND-NOR 


2-2 AND-NOR 
2:1 MUX 


2:1 MUX 
4 I/P NAND 


5 I/P NAND 
3 I/P NANDw/QB 


3 I/P NAND w/QB 

4 I/P NOR 


5 I/P NOR 
3 I/P NOR w/QB 


3 I/P NOR w/QB 


D Flip-Flop 
D Flip-Flop 


D Flip-Flop w/S,R 
D Flip-Flop w/S,R 



Output 

Input Signal 

Pin Number 

Ar,^D0, B::::D1 

60 

A -::D0, B = D1, C^D2 

58 

A=D0, B = D1 

54 for C 

A^DO, B = D1 

54 for D 


: DO, B = D1 
DO, B = D1, C = D2 


:D0, B = D1 
: DO, B = D1 


:D0, EB = D1 
= DO, E = D1 


= D0, B=:D1 
l=D0, RB=D1 


1=D0, RB=D1 
= DO, S = D1 


= D0, S=:D1 

= D0, B=bl,C = D2, D = D3 


= D0, B = D1.C = D2, D=:D3 
= D0, B = D1.C = D2, D = D3 


= D0, B^D1,C = D2, D^D3 
= D0 


= D0 

= D0, B = D1, C = D2, D = D3 


= DO, B = D1, C = D2, D = D3, E = D4 
= D0, B=:D1, C = D2 

= D0, B = D1,C = D2 
= D0, B = D1,C = D2, D = D3 

= D0, B = D1,C = D2, D = D3, E = D4 
= D0, B = D1,C = D2 

= D0, B = D1,C = D2 

C=:D0, D = D1 
C=D0, D = D1 

C=D0, D = D1, SB = D2, RB = D3 
C=D0, D = D1, SBrrD2, RB = D3 



47 

for F 

120 

for E 

120 

for F 

59 

i 

55 


56 


57 


52 

for D 

52 

for E 

113 


112 


117 

for D 

117 

for E 

43 

for Q 

43 

for QB 

42 

for Q 

42 

for QB 


Table 2. 

On-Chip Test Circuit Operation 


Normal Operation 

Hi-Z (TRI-STATE Buffers Only) 

L 

H 
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1.0 GENERAL DESCRIPTION 


National Semiconductor’s CMOS gate array families uti- 
lize a dual layer metal technology (microCMOS) to achieve 
operating speeds similar to Schottky-TTL with the in- 
herent lower power consumption of standard CMOS inte- 
grated circuits. The families are available in S-rnicron (as 
drawn) and 2-micron process technology. The range of 
complexity is currently from 600 to 6000 gates. The gate's 
are arranged in cells. Each cell has the equivalent of three 
2-input NAND or NOR gates. All outputs have the ability to 
drive 10 LSTTL loads. All inputs have high noise immunity 
and are protected from static discharge. 

National Semiconductor supports gate array designs with 
a variety of user/vendor interfaces. This ranges from pro- 
ducing arrays from the user’s schematic to accepting 
databases for mask generation. A large dedicated staff of 
gate array professionals is available to help the user deter- 
mine the most efficient and cost effective way to interface 
on any given design. 

The design automation tools include workstation or text 
fileentry(forschematiccapture), logic and timing verifiers 
to substantiate the actual design, fault grading analysis 
to gauge testability and a large selection of macros (hard- 
ware and software) to speed and simplify the design. 


2.0 PRODUCT FEATURES 

■ 2.0 ns internal propagation delay (3-mlcron) 

■ 1.0 ns internal propagation delay (2-mlcron) 

■ CMOS power dissipation 

■ All Inputs and I/Os protected from over-voltage and 
latch-up 

■ LSTTL drive capability 

■ TTL/CMOS Inputs and I/Os (programmable) 

■ Internal test circuitry 

■ Full design automation support 
—Schematic capture 

—Logic simulator with timing information 
—Fault grading 
— >80% cell utilization 
—100% automatic placement and routing 

■ Extensive hardware and software macro library 

■ Multiple power rail pin connections 


■ Multiple packaging options in ceramic, plastic, leaded 
and leadless 

■ Pin counts to 124 

■ Full military specifications 

■ Alternateiy sourced 

2.1 microCMOS Process and Circuit Personalization 

The microCMOS process developed by, National is based 
on P-type starting material, N-well technology and oxide 
isolation. After the basic transistors are formed (in their 
respective cells), two separate layers of metalization (Ml 
and M2) are placed on the wafers. 

The processing steps and tooling requirements for all the 
wafers up to the metal layers are common and fixed. Cir- 
cuit patterns— called "options”— are defined by the two 
metal layers and the VIAs. In this way, the user’s design (or 
circuit personality) is imposed on the wafer. 

All sex gate arrays in the family use the same basic inter- 
nal cell. There are eight pairs of N and P-type MOS tran- 
sistors in each cell (see Figure 2). The power and ground 
lines (Vdd and Vss buses, respectively) run up and down 
the cell. This cell is repeated in all four directions to form 
columns and rows in the core of the array. The structure of 
the internal core is optimized to the size of each family 
member. 

National Semiconductor maintains an inventory of gate 
array wafers fabricated up to but before metalization. As 
the customer’s options are designed and the last three 
patterns finalized, wafers are taken out of inventory and 
the fabrication process completed for the metal layers. 

In this way. National Semiconductor can provide gate ar- 
ray users with quick turn-around cost effective designs 
while maintaining the quality, reliability and production 
control of an in-house (5-inch) wafer fab line. 

2.2 Gate Array Basic Cell 

Figure 1 and Figure 2 show a microCMOS cross section 
and the basic internal cell respectively. The geometries 
are not drawn to scale and the exact topology has been 
modified for illustration purposes. 


N-CHANNEL P-CHANNEL 

/ ■» /“ — A, . . 



FIGURE 1. Cross Section 
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METAL 1 CAPPED 
1st CONTACTS 



TL/U/6725-2 

FIGURE 2. Cell 


2.3 Power Dissipation 

An outstanding feature of microCMOS circuits is their iow 
power dissipation. CMOS circuits draw electricai current 
for basicaily two reasons: 

(1) During transition from a logic “0” to a iogic “1” or vice 
versa, there exists a finite time when the P-channei and 
N-channei devices associated with the iogic eiement are 
both conducting. The CMOS circuit consumes power dur- 
ing this transition. 

(2) When signais change state, the distributed capaci- 
tance in the circuit (and its load) need to be either charged 
or discharged. The eiectrical current required for this pur- 
pose increases power consumption. 

Thus, power dissipation is dependent on operating voit- 
age, nodai capacitance and the frequency of circuit opera- 
tion. Mathematicaliy speaking; 

Po = CV¥ 

For estimation purposes, the vaiue of: 

35 ;tW/gate/MHz per gate equivalent can be used for ele- 
ments within the array. 

700 ;iW/MHz/output buffer at 15 pF ioad or 1500 fiW/MHz/ 
output at 50 pF load, can be used for the output buffers. 


Power dissipation in a CMOS array is typically dominated 
by output buffers driving iarge capacitive ioads. 


Figure 3 will help in estimating power consumption in a 
particuiar design. 



FIGURE 3. Power Consumption vs Frequency 
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2.5 Recommended Operating Conditions 


2.4 Absoiute Maximum Ratings 

Exceeding the following absolute maximum ratings may 


result in permanent damage to the device. 

Supply Voltage -0.5V to 7V 

Vdd, Supply Voltage 

Min 

2 

Max 

6 

Units 

V 

Input or Output Voltage - 0.5V to Vdd + 0-5V 

V|, Vq, Input or Output Voltage 

Vss 

Vdd 

- V 

Storage Temperature -65°Cto150‘'C 

Power Dissipation (Package Dependent) 1W 

lo, High or Low Level Output 
Current 

0 

±25 

mA 

Lead Temperature (Soldering, lOseconds) 300°C 

Idd- Vdd or Vss Current per Pad 

0 

±25 

mA 


Ta, Ambient Operating 
Temperature 

-40 

+ 85 

°C 


2.6 DC Electrical Characteristics 

Vdd = 5V ± 10%, min/max limits apply over recommended operating temperature range unless otherwise specified. 



Parameter 

Min 

Max 

Units 


High Level Input Voltage at Vo = 0.1V or Vdd- 0.1V, lo = 20/tA 

0.7 Vdd 


V 

V|L 

Low Level Input Voltage at Vo = 0.5V or Vdd -0.1V, lo = 20 ^ 


0.2 Vdd 

V 

VoH 

High Level Output Voltage at V| = Vdd or GND, Iq = 20 /tA 

Vdd -0.05 


V 

VoL 

Low Level Output Voltage at V| = Vdd or GND, Iq = 20 fiA 


0.05 

V 

•oh 

High Level Output Current at V| = Vdd or GND, Vo = Vdd-0.8V 

-4 


mA 

•OL 

Low Level Output Current at V| = Vdd or GND, Vo = 0.4V 

4 


mA 

VihTTL 

Minimum High Level TTL Input Voltage (forTTL Input Option) at 

Vo = 0.5V or Vdd - 0.1V, Iq = 20 /lA 

2 


V 

VilTTL 

Maximum Low Level TTL Input Voltage (forTTL Input Option) at 

Vo = 0.5V or Vdd -0.1V, lo = 20;tA 


0.8 

V 

ll 

Input Current (Without Pull-Up Resistor) at V| = Vqd or GND 


- ±1 

fiA 

•cc 

Supply Current at V| s= Vdd or GND, Ta = 25X 


100 

nA 


2.7 AC Electrical Characteristics Vdd = 5V, = 25 °C,3/t process. 


Symbol 

Parameter 

Min 

Max 

Units 

tpLH 

Output Buffer 

1 

2.6 

6.1 


tpHL 

(Non-Inverting, non-TRI-STATE®) 
tr=tf = 5ns, 0V-5V 

Cl=15pF 

2.4 

5.7 

H 

tpLH 

Input Buffer 

2.0 

4.78 


tpHL 

(TTL Type, Non-Inverting) 
at tr = t) = 5 ns, 0V-3V 

Cl= 1 pF 

2.5 

5.94 

H 

tpLH 

Input Buffer 

1.3 

3.0 


tpHL 

(CMOS Type, Inverting) 
at tr = tf = 5 ns, 0V-5V 

Cl= 1 pF 

0.85 

2.0 


tpLH 

Output TRI-STATE 

4.5 

10.4 


*PHL 

(Non-Inverting) 

4.7 

10.9 


tpZL 

at tr = tf = 5 ns 

4.6 

10.7 


^PZH 

0V-5V 

4.2 

9.8 


tpLZ 

Cl = 50pF 

3.5 

8.1 


tpHZ 

Rl= 1 kn 

3.5 

8.1 



Delays Measured at 50% 

Point Between Start and 

Target Voltage 



■ 

*PLH 

Internal 2-Input NAND 

1.4 

3.3. 

ns 

tpHL 

at tr = tf = 5 ns, 0V-5V 1 

1.8 

4.1 

ns 

tpHL 

Load Equivalent to Fan-Out of 

1.5 

1.2 

ns 

tpLH 

3 and 100 mils of Interconnect 

As Above with Cl = 0 pF 

1.5 

1.2 

ns 
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3.0 TOPOLOGY AND ROUTING RESOURCE 
DISTRIBUTION 


The specific topoiogy and routing resource distribution 
have been taiiored for each family member. Architectural 
considerations include the ratio of inputs and I/Os to total 
cell count, power consumption and package inductance 
to power pins (for simultaneous switching outputs) and 


1.2k 


Vss Vss 
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routing resources consistent with automatic place and 
route software. Internal cell utilizations of greater than 
80% can be expected. 

Individual topologies and a family sumrnary follow. 


2.4k 

VssVdd VssVdd 
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2.5k 


4.8k 


Vdd Vss 



Vss 


Vss 


) ~ 


Vdd 


B 


18 

COLUMNS 




a 


Vdd 
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Vss 

n 


600 



Vdd Vss 


Array 

Name 

Internal 

Cells 

Input 
Cells 
(Note 2) 

I/O 

Cells 

Total 
Pins 
(Note 1) 

Vdd 

Pins 

Vss 

Pins 

SCX6306 

216 

0 

37 

41 

2 

2 

SCX6312 

420 

17 

42 

68 

4 

4 

SCX6324 

795 

55 

56 

124 

6 

6 

SCX6325 

810 

12 

76 

100 

6 

6 

SCX6348 

1620 

53 

54 

124 

8 

8 


Nbte 1: One of the pins is permanently set aside for testing purposes. 
Note 2; Input and I/O cells are not considered part of the internal cell 
count. 
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4.0 ON-CHIP TEST CIRCUITRY 

Each of the SCX gate arrays is provided with dedicated on- 
chip test circuitry. This circuitry forces aii the outputs to 
specific states to faciiitate output parametric testing. 
These parametric tests include leakage and current sourc- 
ing/sinking measurements on all output pins. 

The on-chip test circuitry is enabled by a dedicated test 
mode control (TMC) pin. This pin is set aside for testing 
and cannot be used for any other purpose. A low at this in- 
put will activate the on-chip test circuitry. When the on- 
chip tesfcircuitry is activated, the states of ail outputs are 
determined by two other inputs; these are TRI-STATE test 
control (TSTC) and data test (DT). The TSTC and DT can 
share input pins with the user’s design. They are only ac- 
tive when the TMC is enabled. The TSTC input has prece- 
dence over the DT input. 

The TMC input is active for the following discussion. 

When the TSTC input is active, all the output buffers are 
put into a high impedance mode. When TSTC is not active, 
the states of the output buffers are determined by the DT 
input. These two inputs can be assigned to any of the input 
pins. However, depending on the type of the input macro 
used for these two inputs, the outputs can have quite dif- 
ferent states. This is because macros may have inverting 
or non-inverting inputs. 


ON-CHIP TEST CIRCUITRY TRUTH TABLE 


TMC 

DT 

TSTC 

Output 

0 

X 

Active 

TRI-STATE 

0 

Non-Active 

Non-Active 

1 

0 

Active 

Non-Active 

0 


DEFINITION OF TEST INPUT STATES 



Non-Inverting 

Inverting 


Macros 

Macros 

Non-Active 

0 

1 

Active 

,1 

0 


5.0 MACROS 

Three types of macros are available for designers to 
use: hardware macros, software macros (National 
Semiconductor standard library), and user generated soft- 
ware macros. 

5.1 Hardware Macros 

The SCX family of gate arrays offers an extensive library of 
hardware macros. Each macro has been fully character- 
ized and functionally proven. The designer can select 
those macros that most efficiently implement the design. 
The electrical performance of the macros is characterized 
at two sets of conditions: best and worst-case. Under each 
set of conditions, the output loading is specified at 0 pF 
and 1.0 pF. The 1.0 pF load is equivalent to a fan-out of 3 
and includes 100 mils length of metal interconnect. A 
single input load is equivalent to 0.17 pF and is defined as 
a load factor of 1. 

National Semiconductor has very tight wafer fabrication 
guidelines. However, process parameters still do vary 
from wafer-to-wafer, lot-to-lot. The electrical specifica- 
tions of the macros take into account such variations. 

The logic macros are categorized by the number of array 
cells that each occupies. The prefix of the macro identifies 
the category. 


Prefix 

No. of Cells Occupied 

S 

1 

D 

2 

T 

3 

Q 

4 

F 

5 

H 

6 
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Category 

Description 

Category 

Description 

C001 (SI) 
C002 (S2) 

Triple 2-Input NANO Gate 

Oual 3-Input NANO Gate 

0051 (T3) 

D-Type Flip-Flop with Set/Reset Master 
Slave 

C003 (S3) 
C004 (S4) 

Oual 2-Input NANO/ANO 

Triple 2-Input NOR Gate 

0028 (T4) 

4-to-1 Multiplexer v/ith Inverted Enable 
Input 

0005 (S5) 

0006 (S6) 

Oual 3-Input NOR Gate 

Oual 2-Input NOR/OR 

0029 (T5) 

4-to-1 Multiplexer with Oomplement 
Output 

0007 (S7) 

Triple Inverter/Olock Buffer 

0030 (T6) 

4-Bit Parity Ohecker with Even-Odd Input 

0008 (S8) 

Quad Inverter 

0032 (T7) 

1-Bit Full Adder 

0009 (S9) 

Oual TRI-STATE Inverting Buffer 

0063 (01) 

Multiplexed D Flip-Flop with Master- 
Slave Olocks 

O010 (S10) 

Single Non-Inverting TRI-STATE Buffer 

0050 (02) 

JK Flip-Flop with Set/Reset Master Slave 

0011 (S11) 

0012 (SI 2) 

0013 (SI 3) 

Single 2-Input Exclusive-OR 

NANO R/S Latch with 2-Input NANO 

Gate 

NOR R/S Latch with 2-Input NOR Gate 

0033 (03) 

0034 (04) 

1-of-4 Decoder with Active Low Outputs 
and Enable Input 

D-Type Flip-f^lop with Inverted 
Reset/Preset and Parallel Load 

0014 (SI 4) 

2-Input 2-Wide OR-NANO with 

Oomplement 

0070 (05) 

Multiplexed D-Type Flip-Flop with Reset 
Input 

0015 (SI 5) 

2-Input 2-Wide ANO-NOR with 

Oomplement 

0036 (06) 

Toggle Enable Flip-Flop with Inverted 
Reset 

0016 (SI 6) 

0049 (SI 8) 

2-to-1 Multiplexer with Single Oontrol 

Input 

2-2 Buffer 

0071 (07) 
0039 (FI) 

JK Flip-Flop with Set/Reset 

2-Bit Serial In/Out and Paralleled Out 
Shift Register 

0044 (SI 9) 

Triple Inverter Buffer 

0038 (F2) 

Single Bit Up-Down Oounter 

0043 (S20) 

Quadruple Inverter Buffer 

0052 (HI) 

JK Flip-Flop with Set/Reset 

0048 (S21) 

Single 2-Input Exclusive NOR 

0040 (H2) 

1-Bit Arithmetic Unit with 7 Functions 

0045 (S22) 

1-3 Buffer 

0041 (H3) 

2-Bit Magnitude Oomparator 

0061 (S23) 

3-1 Buffer 

0042 (H4) 

2-Bit Serial/Parallel Shift Register 

0025 (S24) 

Schmitt Trigger 

0066 

8x4 RAM 

0017(01) 

Triple 4-Input NANO 

0067 

8x8 RAM 

0018(02) 

Single 5-Input NANO 

0068 

8x12 RAM 

0019(03) 

Triple 3-Input NANO/ANO Oomplement 

0069 

4-Bit Latch 

0020 (04) 

Triple 4-Input NOR 

0053 

2-Input XOR Buffer 

0021 (05) 

Single 5-lnput NOR 

0054 

2-Input 2-Wide OR-AND with Invert 

0022 (06) 

Triple 3-Input NOR with Oomplement 

0055 

2-Input 2-Wide AND-OR with Invert 

0027 (07) 

Triple NANO Latch 

0056 

2-to-1 Multiplexer Buffer 

0031 (08) 

Triple NOR Latch 

0057 

5-lnput NAND-AND 

0023 (09) 

0 Flip-Flop 

0058 

5-lnput NOR-OR 

0047 (010) 

3-Input Exclusive OR 

G059 

Buffered D Flip-Flop 

0062 (Oil) 

0-Latch with Set/Reset 

0060 

Buffered D Flip-Flop with Set/Reset 

0026 (012) 

1-Bit Transparent 0-Latch with Reset and 
Enable 

0037 

0064 

JK Flip-Flop with Set/Reset 

D Flip-Flop with Reset (Q Output Only) 

0024 (T1) 

0-Type Flip-Flop with Inverted Set/Reset 
Inputs 

4-Input Exclusive OR 

0065 

D Flip-Flop with Set/Reset 

0046 (T2) 

0035 

Multiplexed D Flip-Flop with Reset 


Note: The 'COOO’ designator is a common reference used between Nationai Semiconductor and its alternate source for the purpose of consistency with users. 


5.2 Software Macros 


In addition to the pre-designed hardware macros, National 
Semiconductor offers a library of software macros. These 
software macros emuiate the functions of the popuiar 
7400 and 4000 logic families. From the designer’s vantage 
point, these software macros are utilized as though they 
were hardware macros. The actual implementation of 
these higher order functions is handled by the design 
automation tools in a process that virtually expands the 
software macro into its hardware macro primitives. 

Since the software macros reside in the design automa- 
tion system, a designer may copy a software macro into 


his design, modify it to meet some special consideration, 
rename it, then reference it as a special or new software 
macro. This procedure is coordinated with NS gate array 
group. 

National Semiconductor adds popular software macros 
to the existing library as required to meet user needs. 

A representative list is shown in Table I. The cell count is a 
‘will not exceed’ number, unused portions of cells are 
available for use in unrelated portions of the design. 
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TABLE I 


PA Device 

Cell Count 

7400 

1.3 

7402 

1.3 

7404 

1.5 

7408 

2.0 - 

7410 

1.5 

7411 

2.0 

7420 

1.3 

7427 

1.5 

7430 

2.6 

7442 

9.3 

7475 

5.0 

7483 

19.0 

7485 

26.7 

7490 

13.8 

7492 

13.6 

7493 

13.0 

7495 

18.5 

7496 

14.6 

7498 

11.0 

74133 

6.33 

74138 

8.3 

74139 

6.5 

74147 

16.3 

74148 

11.6 

74150 

20.0 

74151 

10.2 

74153 

9.0 

74155 

7.0 

74157 

5.0 

74158 

7.6 

74160 

26.2 

74161 

26.3 

74162 

26.0 


5.3 Software Macros (User Generated) 

The user always has the option of generating higher order 
software macros. This is true regardless of where the user 
decides to interface with the design automatipn system. 

At the workstation level, the user simply creates the 
desired function from existing hardware macros, stores 
the function under a unique identifier name, then recalls it 
as a block of logic as required. 

In the text file mode of schematic capture the user defines 
the higher order function in terms of the basic hardware 
macros. These higher order (custom) functions are then 
‘called’ in the same manner as any other software macro. 


PA Device 

Cell Count 

■ 74163 

24.0 

74164 

28.5 

74165 

31.5 

74166 

33.7 

74168 

26.6 

74169 

26.6 

74170 

38.6 

74173 

20.0 

74174 

19.0 

7418l’ 

41.7 

74182 

10.0 

74191 

31.0 

74192 

28.2 

74193 

28.0 

74194 

24.7 

74195 

20.0 

74241 

9.0 

74244 

8.7 

74245 

16.7 

74251 

10.0 

74253 

9.0 

74257 

7.0 

74259 

17.6 

74273 

' 24.9 

74280 

19.1 

74283 

21.7 

74299 

62.6 

' 74356 

33.3 

74373 

o 

CO 

74374 

21.0 

74390. 

14.2 

74393 

14.0 


6.0 PERIPHERAL MACROS 

Interfacing to the SCX gate arrays is done through the 
peripheral buffers. There are two types of peripheral cells; 
input only and bi-directional' I/O cells. The peripheral 
macros are not included in the count of internally avail- 
able cells. 

The buffers are located around the periphery of the die and 
the exact configuration is dependent on the particular 
family member under consideration. Reference section 3 
for specific locations of input and I/O cells. 
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7.0 PACKAGING 


The sex family of microCMOS gate arrays is offered in a 
very wide variety of packages. The user is provided with 
many choices in terms of both package type and lead 
count. The package types offered include ceramic pin grid 
arrays, leaded ceramic chip carriers (LDCC), leadless 
ceramic chip carriers (LCC), plastic leaded chip carriers 
(PCC), ceramic DIPs, and plastic DIPs. 

The availability of such a large variety of packages gives 
the user flexibility in making the following choices: 

—Ceramic versus plastic 
-Through-hole mount versus surface mount 
—Variety of lead counts 

The specific packages offered are listed in Table lla. 

Surface mounting of multi-lead components is rapidly 
gaining popularity. To provide the user flexibility, National 
Semiconductor offers its CMOS gate arrays in several sur- 
face mount package options: leaded and leadlessceramic 
chip carrier and the plastic chip carrier. 

Surface mounting refers to component attachment, 
whereby the component leads or pads rest on the surface 
of the PCS instead of the traditional approach of inserting 
the leads into through-holes which go through the board. 
With surface mounting there are solder pads on the PCB 
which align with the leads or pads on the component. The 
resulting solder joint forms both the mechanical and elec- 
trical connections. 


The primary reason for surface mounting is to allow leads 
to be placed closer together than the 0.100 inch standard 
for DIPS with through-hole mounting. Through-hole 
mounting on smaller than 0.100 inch space is difficult to 
achieve in production and is generally avoided. The move 
to 0.050 inch lead spacing offered with the current genera- 
tion of surface mounted components, along with a switch 
from a dual-in-line format to a quad format, has achieved a 
threefold increase in component mounting density. A 
need to achieve greater density is a major driving force in 
today’s marketplace. 

Learning how to surface mount components to printed cir- 
cuit boards requires the user to implement an assembly 
process not typically associated with through-hole inser- 
tion/wave soldering assembly methods. 

Surface mounting involves three basic process steps: 

1) Application of solder or solder paste to the printed cir- 
cuit board 

2) Positioning of the component onto the printed circuit 

3) Reflowing of the solder or solder paste. 

Table lib lists the manufacturers currently offering sockets 
for each of the advanced package options listed in this 
data sheet. A matrix of which manufacturers to contact for 
each socket option is provided. The listing is divided into 
test/burn-in and production categories. There may be 
some individual socketsthat will cover both requirements. 


TABLE lla. GATE ARRAY PACKAGE OPTIONS 





CMOS sex Series 


Package Type 

Pins 


6312/ 6324/ 6325/ 6348/ 6360/ 



6306 

6212 

6224 

6225 

6248 

6260 

Plastic DIP, N 

28 

■ 

B 






40 

a 

□ 

□ 

B 




48 


□ 

a 

B 



Ceramic DIP, 

28 

a 

D 





(Side Braze), D 

40 

a 

B 

D 

B 




48 


□ 

□ 

B 



Ceramic DIP, 

28 

□ 

□ 





(Cerdip), J 

40 

□ 

' □ 

a 

B 



Plastic Leaded 

28 

■ 

□ 





Chip Carrier, PCC 

44 

□ 

□ 

o 

B 




68 


B 

B 

B 

B 



, 84 



B 

B 

B 



124 



B 

B 

B 


Ceramic Leaded 

124 . 



B 

B 

B 

B 

Chip Carrier, 








LDCC 








Ceramic Leadless 

28 

■ 

B 





Chip Carrier, LCC 

44 

B 

B 

□ 

B 




68 


B 

B 

B 

B 



84 



B 

B 

B 



124 




B 

B 

B 

Ceramic Pin Grid 

68 



B 

B 

B 


Array, PGA 

84 



B 

B 

B 



120/124 



B 

B 

B 

B 


149 








172 





B 

B 
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TABLE lib. SOCKET VENDORS 


Vendor Location and Telephone 


Package Type 

Test/Burn-ln 

Production 

Ceramic Pin Grid Array 

Amp, Textool, 
Yamaichi, Thomas 
& Betts 

Amp, Yamaichi, 
Thomas & Betts 

Leaded Ceramic Chip Carrier 

Yamaichi 

Yamaichi 

Leadless Ceramic Chip Carrier 

Amp, Plastronics, 
Textool 

Amp, Plastronics 

Plastic Chip Carrier 

Textool 

Amp, Burndy, 
Robinson/Nugent 


Amp Inc. 
Harrisburg, PA 
(715) 564-0100 
Plastronics 
Irving, TX 
(214)258-1906 
Robinson/Nugent 
New Albany, IN 
(812) 945-0211 
Burndy 
Norwalk, CT 
(203) 838-4444 


8.0 PROPAGATION DELAYS 


Textool 
Irving, TX 
(214) 259-2678 
Thomas & Betts 
Raritan, NJ 
(201)469-4000 
Yamaichi 

c/o Napenthe DIst. 
Palo Alto, CA 
(415) 856-9332 


Propagation delays in CMOS arrays are a function of 
several factors; 

• Supply voltage 

• Junction temperature 

• Process tolerance 

• Fan-out loading 

• Interconnection routing 

• Input signal direction 

To assist the designer in evaluating circuit performance 
under all operating conditions, National Semiconductor 
guarantees DC and AC parametrics over the full voltage 
and temperature range, as well as best-case and worst- 
case propagation delays. Process tolerance is included in 
the specifications. 

Delays other than three for fan-out loading may be ex- 
trapolated for loads other than shown. 

For example: a 2-input NAND (SI) drives six loads. What is 
the worst-case LO to HI delay? 

From Table III 

tpLH for 0 pF = 1.82 ns (0 loads) 
t pLH for 1 pF = 4.95 ns (3 loads) 

The delay per load = (4.95 - 1 .82)/3 = 1 .05 ns 
Total delay = base delay (0 load) + six loads 
8.12 ns = 1.82 ns -t- 6(1.05 ns) 

What is the delay if the power supply is maintained at 5V 
and junction temperature is 80°C (approximately 65° 
ambient)? 
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FIGURE 4. CMOS Propagation Delays 
as a Function of Temperature 


From scaling factors (Table III note): 

Worst-case junction temperature = 100°C 
New junction temperature = 80°C 

Improvement factor = (100°C - 80°C) = 6% 

W 

Worst-case voltage = 4.5V 
New voltage = 5.0V 

Improvement factor = (5.0V - 4.5V) = 10% 

Derating factor = (1 - 0.06)(1 - 0.1) = 0.846 
Total delay (scaled) = 8.12(0.846) = 6.86 ns 

This form of calculation Is handy for making estimates of 
critical paths during the Initial design phase and can be 
used as a guide to determine which technology to use (i.e., 
3/tor 2p). The actual AC performance prediction will be pro- 
vided by the design automation system after the designer 
has functionally verified his design in the logic simulator. 

Propagation delays as a function of temperature and sup- 
ply voltage are shown in Figures 4 and 5 respectively. 
Utilization of these curves will speed the estimation of per- 
formance at other then specified values. 

Representative macro types for the 3n (Table III) and 
2(1 process (Table IV) are presented for comparison. 
Reference SCX family macro library book for complete 
specifications. 
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FIGURE 5. CMOS Propagation Delays 
as a Function of Supply Voltage 
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Best-Case 

Worst-Case 

Temperature = - 40°C 

Supply Voltage = 5.5V 

Extreme Process Parameters 

Temperature = 100°C 

Supply Voltage = 4.5V 

Extreme Process Parameters 


TABLE III. 3/i 


Symbol 

Function 

LF 

Best-Case 

Worst-Case 

Cload (pf^) 

^PLH 

'PHL 

tpLH 

*PHL 

SI 

2-NAND 

1 


KM 

WM 

1.82 

0 






US 

6.2 

1 

S2 

3-NAND 

1 

0.36 

0.54 

2.3 

3.3 

0 ■ 




0.85 

1.55 

5.45 

9.4 

1 

S4 

2-NOR 

1 

0.43 


2.6 

1.98 

0 




1.26 


8.25 

4.62 

1 

S5 

3-NOR 

1 



3.95 

2.3 

0 





WM 

12.6 

4.95 

1 

S7 

Clock Buffer 

2 




1.05 

0 







2.80 

1 

S8 

Inverter 

1 

0.3 

0.3 

1.54 

1.48 

0 




0.78 

0.76 

4.73 

4.24 

1 

S11 

2-XOR 

2 

0.34 

0.29 

5.2 

5.3 

0 




1.12 

1.0 

10.8 

9.7 

1 

D9 

D Flip-Flop 

1 


■■ 





CLKtoQ 

3 

1.55 

mm 

10.1 

8.5 

0 




2.07 


13.5 

11.6 

1 


CLKtoQe 


0.85 

WEM 

5.1 

6.8 

. 0 




1.44 


9.8 

11.6 

1 

S9 

TRI-STATE Inverter 

1 

0.45 

0.45 


1.95 

0 




1.35 

1.2 


6.9 

1 

S10 

TRI-STATE Buffer 

2 



3.7 

3.85 

0 




KM 


6.9 

6.25 

1 

I4 

Inverting Input Buffer 

CMOS 

0.44 

0.29 


1.2 

0 




0.83 

0.6 

^^9 

3.1 

1 

It 

Input Buffer 

TTL 



3.6 

5.5 

0 






7.15 

9.25 

1 

le ' 

Short Circuit Input 

CMOS 

0.05 

0.05 

0.10 

0.10 

0 




0.20 

0.20 

0.65 

0.65 

1 

IO1 

Input 

TTL 



3.6 

5.5 

0 




KM 


7.15 

9.25 

1 


Output* 

7 

1.35 

1.62 

9.6 

10.7 

15 




2.4 

2.7 

15.8 

16.5 

50 

IO2 

Input (Inverting) 

CMOS 

0.43 

0.3 


1.24 

0 




0.83 

0.61 


3.03 

1 


Output* 

7 

1.35 

1.62 

9.6 

10.7 

15 




2.4 

2.7 

15.8 

16.5 

50 

IO3 

Short Circuit Input 

CMOS 

0.43 

0.30 

1.87 

1.24 

0 




0.83 

0.61 

4.50 

3.03 

1 


Output* 


1.35 

1.62 

9.6 

10.7 

15 




2.4 

2.7 

15.8 

16.5 

50 

IO4 

Output 

7 

1.4 

1.33 

9.2 

8.6 

15 




2.34 

2.38 

15.2 

14.1 

50 


Note; All delays in nanoseconds. 

* TRI-STATE active mode, 
tf = tf = 5 ns for 3-micron, 
tf = tf = 2 ns for 2-micron. 

Voltage Derate = 2.0%/100 mV from 4.5V. 
Temperature Derate = 0.3%/‘’C from 100°C. 
LF = Load Factor. 

1LF = 0.17pF. 
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TABLE IV. 2 ,, 


Symbol 

Function 

LF 

Best-Case 

Worst-Case 

Cload (pE) 

fpLH 

tpHL 

tpLH 

tpHL 

SI 

2-NAND 

1 

0.095 


3|| 


0 




0.39 


B9 


1 

S2 

3-NAND 

1 

0.09 

■am 

0.95 

1.65 

0 




0.37 

BB 

2.G5 

5.75 

1 

S4 

2-NOR 

1 


0.15 

1.1 


0 





0.51 

4.15 


1 

S5 

3-NOR 

1 

0.23 

0.16 

1.65 

1.13 

0 




0.85 

0.52 

6.1 

3.05 

1 

S7 

Clock Buffer 

2 

0.07 

KjQI 


0.55 

0 




0.24 



1.65 

1 

S8 

Inverter 

1 

0.095 


0-6 . 

0.75 

0 




0.36 

■B 

2.35 

2.6 

1 

S11 

2-XOR 

2 

. 0.11 

WSM 

2.6 

2.5 

0 




0.54 


5.8 

5.65 

1 

D9 

D Flip-Flop 

1 

■■ 






CLKtoQ 

3 

mSm 

0.59 

5.12 

4.38 

0 




wSM 

0.94 


6.25 

1 


CLKIoQb 


0.35 


2.38 

3.3 

0 




0.64 


5.37 

6.62 

1 

S9 

TRI-STATE Inverter 

1 

0.18 

0.18 


ncM 

0 




0.60 

0.70 


bB 

1 

S10 

TRI-STATE Buffer 

2 

0.30 


1.9 

1.8 

0 




0.53 


3.4 

3:4 

1 

I4 

Inverting Input Buffer 

CMOS 

0.23 

0.19 

0.85 

0.70 

0 




0.45 

0.39 

2.30 

1.80 

1 

li 

Input Buffer 

TTL 

0.33 

0.39 

2.0 

2.45 

0 




0.60 

0.78 


4.80 

1 

le 

Short Circuit Input 

CMOS 


■jiiyi 

0.07 

0.07 

0 






0.50 

0.50 

1 

IO1 

Input 

TTL 

0.33 

0.39 


2.45 

0 




0.60 

0.78 

WSM 

4.8 

1 


Output' 

7 



4.4 

RES 

15 




mam 

1^91 

7.0 

KlS 

50 

IO2 

Input (Inverting) 

CMOS 


■jXkH 

0.85 

0.70 

0 






2.30 

1.80 

1 


Output' 

7 

0.62 


4.40 


15 




1.15 

■B 

7.0 


50 

IO3 

Short Circuit Input 

CMOS 

0.04 


0.07 


0 




0.15 


0.50 

BB 

1 


Output' 



■j^H 

4.40 


15 






7.0 


50 

IO4 

Output 

7 




■SI 

15 




HuH 



8.25 

50 


Note: All delays in nanoseconds. 

* TRI-STATE active mode, 
tf = tf = 5 ns for 3-micron. 

tf = tf = 2 ns for 2-micron. i» 

Voltage Derate = 2.0%/100 mV from 4.5V. 

Temperature Derate = 0.3%/°C from 100°C. 

LF = Load Factor. 

ILF = 0.13 pF. 

9.0 DESIGN AUTOMATION SYSTEM User Site 


The design automation system offers the end user a vari- 
ety of interface points and techniques. 

Figure 6 shows the standard gate array deveiopment flow 
and responsibilities. Alternative flows are available and 
are presented in Section 11. 

The standard flow consists of four major quadrants. 
They are the user’s site, user’s responsibilities, 
National Semiconductor’s technology center, National 
Semiconductor’s responsibility. These represent the 
‘where’ and ‘who’ aspects of task responsibility and 
location. 


Logic desjgn and definition are the user’s responsibility 
and are completed at his/her site. 

The design file consists of the netlist (wiring diagram) and 
the test vectors (pattern file). Each can be generated in a 
text file or as the output from a ‘workstation’. The syntax of 
these files is in the ‘hardware design language’. 

The evaluation and acceptance of the completed proto- 
types are done by the user at his/her facilities. National 
Semiconductor offers technical assistance if necessary. 
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USEH'S SITE 


NSC TECHNOLOGY CENTER 




USER'S 

RESPONSIBILITY 


J LOGIC 1^ 

I DESIGN 


C 


DESIGN 

FILE 


NETLIST AND TEST VECTORS 



FUNCTIONAL 

VERIFICATION^ 


LOGIC 


FAULT 

SIMULATION 



GRADING 



PLACE AND 


TEST 

ROUTE 


TAPE 



NSC’s 

RESPONSIBILITY 


FIGURE 6. Standard Gate Array Development Process and Responsibilities 
National Semiconductor Technology Center 


Training includes actual interaction with the design 
automation system and, depending on the level of user ex- 
perience, requires from three to five days to complete. All 
of the considerations necessary for the successful com- 
pletion of the^ design are covered during the training. 
Topics such as,^hardware (i.e., speed, power, pinouts) and 
software considerations (i.e., logic simulation, fault 
grading, critical path analysis) are tailored to meet the 
user's needs. Training is provided at the closest tech- 
nology center. Contact the local sales representative for 
the location nearest you. 

Functional verification of the logic is accomplished by 
submitting the netlist and pattern files to the logic simu- 
lator. The simulator will predict the output results of the 
specified logic for the applied vectors. The designer can 
then determine if the specified logic meets the design 


objectives. Simulation under actual 'loaded' conditions 
occurs after functional verification and fault grading. 
Functional verification is the responsibility of the user. 

Fault grading is a measure of the ability of the supplied 
vectors to detect induced logic errors (i.e., on-chip shorts). 
The vectors supplied eventually become the functional 
portion of the final production test tape. It is important 
that the fault grading figure of merit reach 85%. Fault 
grading is the responsibility of the user. 

Performance estimation is the prediction that the logic 
simulator makes by considering actual macro loading and 
a projection of the interconnect lengths. This projection is 
based on an algorithm which relates fan-out to probable 
trace length. Performance estimation is the responsibility 
of the user. 
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Place and route are the actual implementation of the 
user’s design file. Two pieces of design automation soft- 
ware are used to complete the routing. 

Automatic place and route software completes the major- 
ity of interconnects and in most cases completes the en- 
tire array. 

Interactive graphics software Is used to complete any 
unrouted ihterconnects. 

Place and route are the responsibility of National 
Semiconductor. 

Performance verification is the rerunning of the ‘perform- 
ance estimation’ software with the actual cell placements 
and associated trace lengths. Performance verification is 
the responsibility of the user. 

Mask generation, assembly and test are completed by 
National Semiconductor. 

Prototype evaluation and acceptance are the responsibil- 
ity of the user. 

National Semiconductor has a large staff of applications 
and consulting engineers available to assist users at any 
point in the array development process. 

10.0 DESIGN EXAMPLE 

The two most popular ways of interfacing to the design 
automation system are 1) alphanumeric text entry and 
2) workstation output. A different example will be given for 
each.. In either case the design automation system re- 
quires two basics files to operate. 

Network (File): The network file is the ‘wiring diagram’ of 
the design. It represents how the array is to be ‘wired’. 
More specifically, it is the manner in which the hardware 
macros are interconnected. The syntax of the network file 
is specified by a hardware design language (HDL). 

Pattern (File): The pattern file represents the stimuli or se- 
quence of signals used to exercise the design specified by 
the network file. The pattern file ultimately becomes the 
functional portion of the final test tape used to screen pro- 
duction devices. < 

The logic simulator operates on the network and pattern 
files and predicts the logic output as a function of the pat- 
tern file. 


Data Entry 



PREDICTED DUTPUT 


TL/Uy5725-11 


The simulator has two modes of operation. The first mode 
is used to verify the logical integrity of the design. The sec- 
ond mode considers capacitive circuit loading and anti- 
cipated wire lengths. The result of the second mode is the 


performance that can be expected after the circuit has 
been placed and routed. 

The basic form of a network file is as follows. 


SNETWORK (* 

$ INP INAINBETC. (» 
$ OUT OUTA OUTB ETC. (* 


BEGIN A NETWORK FILE *) 
LIST ALL INPUT NAMES *) 
□STALL OUTPUT NAMES *) 


MACRO CALLS (* SPECIFY MACROS AND . 

INTERCONNECTS *) 


$$* COMMENTS (* MAKE COMMENTS *) 


The macro call syntax for the following circuit fragment is 
as specified. 



TL/Uf5725-12 


$SUBU S8 

I (* SPECIFIES A PARTICULAR 

MACRO TYPE *) 

(• SPECIFIES A HARDWARE MACRO *) 

$$AN0 (* CIRCUIT NAME ASSOCIATED WITH 

• ABOVE MACRO •) 

p — (* DELIMITER*) 

CLKB CLK CLRB 0GB / CLOCK CLKB CLEAR OG 

r ' 

H* INPUTS TO MACRO ELEMENTS *) 

(* OUTPUTS FROM MACRO ELEMENTS *) 

If the designer were using the alphanumeric text mode of 
data entry, each unique macro and macro type would be 
specified in the above manner until the entire network had 
been specified. 

In the workstation mode of schematic capture the de- 
signer would call and name each desired macro, then 
graphically interconnect each macro in the required 
fashion. The workstation would then ‘compile’ the sche- 
matic into the network file. 
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10.1 Text Mode 

The design of a four-bit iatch with TRI-STATE output is presented. 
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Listing 1 


$$★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★ 

$NETWORK 

$INPUT INA INB INC IND ID1 ID2 0D1 0D2 CLOCK CLEAR 

SOUTPUT OUTA OUTB OUTC OUTD 

$$★ DM74173 MACRO 

$SUBU S8 

$$AN0 

CLKB CLK CLRB 0GB / CLOCK CLKB CLEAR OG 

$SUBU S4 

$$AN1 

IG IGB OG / ID1 ID2 IG CONO 0D1 0D2 

$SUBU S15 

$$AN2 

DAB DA / INA IG IGB QA 

$SUBU S15 

$$AN3 

DBB DB / INB IG IgB OB 

$SUBU S15 

$$AN4 

DCB DC / INC IG IGB QC 

$SUBU / S15 

$$AN5 

DDB DD / IND IG IGB QD 

SSUBUTI 

$$AN6 

QA QAB / CONI DA CLK CLRB 

$SUBU T1 

$$AN7 

OB QBB / CONI DB CLK CLRB 

SSUBUTI ' 

$$AN8 

QC QCB / CONI DC CLK CLRB 

SSUBUTI 

SSAN9 

QD QDB / CONI DD CLK CLRB 

SSUBU S9 

SSAN10 

OUTA OUTB / QAB 0GB QBB 0GB 

SSUBU S9 

SSAN11 

OUTC OUTD / QCB 0GB QDB 0GB 

ss ★★★.★★★★★★★★★★★★★★★★★★★★★★★★★★★★ 
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Listing 2 


SNETWORK 

$INPUT CLEAR CLOCK ID1 ID2 INA INB INC IND GDI OD2 

SOUTPUT GUTA GUTB GUTC GUTD 

$$★ 

$SUBU S4 
$$XCMP1 

XSIG29 XSIG27 XSIG18 / XSIG27 GND ID1 ID2 GDI GD2 

$$★ 

$SUBU T1 
$$XCMP 10 

XSIG33 XSIG41 / VCC XSIG34 XSIG20 XSIG21 

$$★ 

$SUBU S9 
$$XCMP11 

GUTA GUTB / XSIG41 XSIG22 XSIG40 XSIG22 

$$★ ' 

$SUBU S9 
$$XCMP12 

GUTC -GUTD / XSIG39 XSIG22 XSIG38 XSIG22 

$$★ 

$SUBU S8 
$$XCMP2 

XSIG22 XSIG20 XS1G21 XSIG19 / XSIG18 XSIG19 CLEAR CLGCK 
$$★ 

$SUBU S15 
$$XCMP3 

CPEN-1 XSIG37 / XSIG30 XSIG29 IND XSIG27 

$$ ★ 

SSUBU S15 
$$XCMP4 

GPEN-2 XSIG36 / XSIG31 XSIG29 INC XSIG27 

$$★ 

$SUBU S15 
$$XCMP5 

DPEN-3 XSIG35 / XSIG32 XSIG29 INB XSIG27 

$$★ 

SSUBU S15 
$$XCMP6 

DPEN-4 XSIG34 / XSIG33 XSIG29 INA XSIG27 

$$★ ' 

SSUBU T1 
SSXCMP7 

XSIG30 XSIG38 / VCC XSIG37 XSIG20 XSIG21 

SS^ 

SSUBU T1 
SSXCMP8 

XSIG31 XSIG39 / VCC XSIG36 XSIG20 XSIG21 

SS^ ' 

SSUBU T1 
SSXCMP9 

XSIG32 XSIG40 / VCC XSIG35 XSIG20 XSIG21 

SS^ 
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10.3 Pattern File 


$CYCLE = 1000 1000 REPRESENTS THE NUMBER OF INTERVALS PER CYCLE 1 INTERVAL= 100 PICOSECONDS 
$$★★★★★★★★★★★★★★★★★★★★★★★ 

$$ ★ PATTERN FILE CODING FOLLOWS 


$$★★★★★★★★★★★★★★★★★★★★★★★ 

$$★ PATTERN FILE FORTESTING DM74173 
$$★ TEST SHOULD SWEEP 16 CYCLES 


-( 


CLEAR 
INA HI 
INB 
INC 
IND 
ID1 
ID2 
OD1 
OD2 


HI 
1 3 


HI 

HI 

HI 

HI 


LO 1 


1-2 
5 7 
5 7 
5 7 
5 7 
5-6 
7-8 


11-12 

11-12 

11-12 

11-12 


HI 5-6 13-14 
HI 7-8 15-16 


> INPUT SIGNALS USED TO SIMULATE THE NETWORK 


CLOCK LO RPT (01: 1-16) SINGLE CLOCK REPEATING 01 THROUGH CYCLE 16 

• CIRCUIT INPUTS HI AT SPECIFIED CYCLE. LOW AT ALL OTHER CYCLES 

• CIRCUIT INPUT LO AT SPECIFIED CYCLE. HI AT ALL OTHER CYCLES 


10.4 Simulator Output 


INPUTS AS SPECIFIED 
BY PATTERN FILE 

JL 


OUTPUTS 
AS SPECIFIED 
BY PATTERN FILE 



'nil 

1 1 

00 

c 




NNNN 

DD 

DD 

L 

L 

uuuu 


ABCD 

12 

1 2 

E 

0 

TTTT 





A 

c 

ABCD 





R 

K 


1 

1111 

10 

00 

1 

0 

XXXX 

■*157 

1111 

10 

00 

1 

0 

0000 

2 

0000 

01 

00 

1 

1 

0000 

3 

1111 

10 

00 

0 

0 

0000 

4 

0000 

01 

00 

0 

1 

' 0000 

5 

11 1 1 

1 1 

1 0 

0 

0 

0000 

'*134 

1111 

1 1 

1 0 

0 

0 

zzzz 

6 

0000 

1 1 

1 0 

0 

1 

zzzz 

7 

1111 

00 

01 

0 

0 

zzzz 

8 

0000 

00 

01 

0 

1 

zzzz 

9 

0000 

01 

00 

0 

0 

zzzz 

*140 

0000 

01 

00 

0 

0 

1111 

10 

0000 

01 

00 

0 

1 

1111 

11 

1111 

01 

00 

0 

0 

1111 

12 

1111 

01 

00 

0 

1 

1111 

13 

0000 

01 

1 0 

0 

0 

1111 

*129 

0000 

01 

1 0 

0 

0 

zzzz 

14 

0000 

01 

1 0 

0 

1 

zzzz 

15 

0000 

01 

01 

0 

0 

zzzz 

16 

0000 

01 

01 

0 

1 

zzzz 


11.0 ALTERNATIVE INTERFACES 

Flexibility in the design automation system allows a vari- 
ety of user/vendor interfaces. Options include: 

• User supplies schematic, timing diagrams and 
parametric specifications. National Semiconductor im- 
plements the array. 

• User ‘captures’ the design at his facility or at a 
National Semiconductor technology center. National 
Semiconductor supports a wide range of communica- 
tion protocols for interfacing to industrial (mainframe) 
or personal computers. These are available with or with- 
out error control and communication rates of 300 to 
9600 baud. 

• User follows basic array development flow specified in 
Figure 6. 

• User generates logic simulator compatible files from 
his workstation. Completes the array using National 
Semiconductor’s design automation system. 

• User generates compatible design files and logic verifi- 
cation in his/her simulator, then interfaces to design 
automation system at either fault grading, performance 
estimation, or ‘place and route’. 

• User supplies completed design files from National 
Semiconductor’s alternate source, effectively entering 
design automation system just prior to digitizing. 

• User provides all design files necessary for mask 
generation, essentially a ‘customer owned tooling’ 
(COT) approach. 


' SEQUENTIAL NUMBERS REPRESENT TIME CYCLES 


ZZZZ=HIGH IMPEDANCE STATE 
1111 = HIGH STATE 
0000 = LOW STATE 


"Intermittent numbers represent settling time in hundred-picoseconds 
that occur between time cycles. 
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Introduction 

The new microCMOS technologies are also being used to 
provide functional-specific standard products. These LSI/ 
VLSI circuits are of relatively large complexity and repre- 
sent additional uses for the advanced CMOS processes. 

A special group of LSI/VLSI circuitry exists within the 
popular MM54/74HC microCMOS logic family. These prod- 
ucts make use of the product designation MM54/74HC9XX. 
An example of this 900 series is the MM74HC942— a high 
performance, low power, Bell 103 compatible single-chip 
modem. This product combines both digital and linear cir- 
cuitry to bring the benefits of system level integration to 
modem and systems designers. 

When considering a new design, it is important to keep in 
mind the wide range of standard products that are avail- 
able. In addition to memories and microprocessors, the 
products in this section also enjoy high volume usage and 
can provide cost savings as well as reduce the complexity 
and amount of semi-custom or custom circuitry required 
to implement a new system. * 




National 

Semiconductor 

MM5368 CMOS Oscillator Divider Circuit 


General Description 

The l\/IM5368 is a CMOS integrated circuit generating 
50 or 50 Hz, 10 Hz, and 1 Hz outputs from a 32 kHz 
crystal (32,768 Hz). For the 60 Hz selected output the 
input time base is divided by 546.133, for the 50 Hz 
mode it is divided by 655.36. The 50/60 Hz output is 
then divided by 5 or 6 to obtain a 10 Hz output which 
is further divided to obtain a 1 Hz output. The 50/60 Hz 
select input can be floated for a counter reset. 


Features 

■ 50/60 Hz output 

■ 1 Hz output 

■ 10 Hz output 

■ Low power dissipation 

■ Fully static operation 

■ Counter reset 

■ 3V-15V supply range 

■ On-chip oscillator — tuning and load capacitors 
are the only required external components besides 
the crystal. (For operation below 5V it may be 
necessary to use an ~ IMH pullup on the oscillator 
output to insure start-up.) 


Block Diagram 



Connection Diagram 


Dual-in-Line Package 



50/60 Hz SELECT 


FIGURE 2. Pin-Out 


TL/F/6133-2 Order Number MM5368N 

See NS Package NOSE 
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MM5368 


Absolute Maximum Ratings 


Voltage at Any Pin 

Operating Temperature 

Storage Temperature 

Maximum Vqd Voltage 

Operating VpD Range 

Lead Temperature (Soldering, 10 seconds) 


-0.3V toVDD + 0.3V 
0“C to +70°C 
-65°Cto+150°C 
16V 

3V<Vdd<15V 
300° C 


Electrical Characteristics 

Ta within operating'range, Vss = OV 


PARAMETER 

Quiescent Current Drain 
Operating Current Drain 

Maximum Input Frequency 

Output Current Levels 
Logical "1 ", Source 
Logical "0", Sink 

Logical "1 ", Source 
Logical "0", Sink 

Input Current Levels 
Logical "1 " (I|h) 

Logical "1" (I|h) 

Logical "O" {I|l) 

Logical "0" (l||_) 


CONDITIONS 

Vdd = 15V; 50/60 Select Floating 

f|N = 32 kHz, V0Q = 3V 
f|N = 32 kHz, Vdd = 15V 

Vdd = 3V 
Vdd = 15V 

VdD = 5V 
VOH = Vss + 2.7V 
VOL = Vss + 0.4V 
Vdd = 9V 
VOH = Vss + 6.7V 
VOL = Vss + 0.4V 
50/60 Select Input 

Vdd = 3V, V|[M >0.9Vdd 
VdD= 15V, V|n>0.9Vdd 
Vdd = 3V, V||\] < 0.1 Vdd 
VdD= 15V, V|n<0.1Vdd 


MIN TYP MAX 



Functional Description (Figure 1) 

The MM5368 initially divides the input time base by 
256. From the resulting frequency (128 Hz for 32 kHz 
crystal) 8 clock periods are dropped or eliminated during 
60 Hz operation and 28 clock periods are eliminated 
during 50 Hz operation. This frequency is then divided 
by 2 to obtain a 50 or 60 Hz output. This output is not 
periodic from cycle to cycle; however, the waveform 
repeats itself every second. Straight divide by 5 or 6 and 
10 are used to obtain the 10 Hz output and the 1 Hz 
outputs. 

The 60 Hz mode is obtained by tying pin 7 to Vdd- The 
60 Hz output waveform can be seen in Figure 3. The 10 
Hz and 1 Hz outputs have an approximate 50% duty 


cycle. In the 50 Hz mode the 50/60 select input is tied 
to VsS- The 50 Hz output waveform can be seen in 
Figure 3. The 10 Hz output has an approximate 40% 
duty cycle and the 1 Hz output has an approximate 50% 
duty cycle. 


For the 50/60 Hz select input floating, the counter chain 
is held reset, except for the initial toggle flip-flop which 
is needed for the reset function. A reset may also occur 
when the input is switched (Figure 4). . To insure the 
floating state, current sourced from the input must be 
limited to 1.0 juA and current sunk by the input must 
be limited to 1.0 fx/K for Vdd = 3V. 
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Timing Diagrams 


PHASE SHIP T£ D 3 TIMES/SEC 
DUE TO ELIMINATION OF 3 
121 Ht CLOCKS 


FIGURE 3. 50/60 Hz Output 


FLOATING 


OUTPUT OF 1ST TOGGLE 
FLIPFLOP 
(16kHi) 


LEVELOR 
CLOCK DETECT 
CIRCUIT 


TL/F/6133-4 

FIGURE 4. 50/60 Select and Reset 


Typical Applications 



FIGURE 5. 10 Minute (9:59.9) Timer 
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National 

Samiconductor 


MM5369 Series 17 Stage 
Oscillator/Divider 


General Description 

The MM5369 is a CMOS integrated circuit with 17 
binary divider stages that can be used to generate a 
precise reference from commonly available high fre- 
quency quartz crystals. An internal pulse is generated 
by mask programming the combinations of stages 1 
through 4, 16 and 17 to set or reset the individual stages. 
The MM5369 is advanced one count on the positive 
transition of each clock pulse. Two buffered outputs 
are available: the crystal frequency for tuning purposes 
and the 17th stage output. The MM5369 is available 
in an 8-lead dual-in-line epoxy package. 


Features 

■ Crystal oscillator 

■ Two buffered outputs 

Output 1 crystal frequency 
Output 2 full division 

■ High speed (4 MHz at Vdd = 10V) 

■ Wide supply range 3— 15V 

■ Low power 

■ Fully static operation 

■ 8 lead dual-in-line package 

■ Low current 


Options 

■ MM5369AA 

■ MM5369EYR 

■ MM5369EST 


3.58 MHz to 60 Hz 
3.58 MHz to 50 Hz 
3.58 MHz to 100 Hz 


Connection Diagram Block Diagram 


Dual-ln-Line Package 


TUNER 

Vdd output oscout oscin 



TOP VIEW 

TL/F;6134-1 



Order Number MM5369AA/N, 
MM5369EYR/N, MM5369EST/N 
See NS Package NOSE 


FIGURE 1 


FIGURE 2 




Absolute Maximum Ratings 


Voltage at Any Pin 

Operating Temperature 

Storage Temperature 

Package Dissipation 

Maximum Vqc Voltage 

Operating Vqc Range 

Lead Temperature (Soldering, 10 seconds) 


-0.3V to Vqd +0.3V 
0°C to +70°C 
-65“Cto+150°C 
500 mW 
16V 
3V to 15V 
300°C 


Electrical Characteristics 

Ta within operating temperature range, VgS = GND, 3V < Vqq < 15V unless otherwise specified. 


PARAMETER 

CONDITIONS 

Ouiescent Current Drain 

Vdd = 15V 

Operating Current Drain 

Vdd = 10V, f|N =4.19 MHz 

Frequency of Oscillation 

Vdd = 10V 

Vdd = 6V 

Output Current Levels 

Vdd = 10V 

Logical "1 " Source 
Logical "0" Sink 

< 

0 

II 

01 
< 

Output Voltage Levels 

Logical "1" 

Logical “0" 

Vdd = 10V 

Iq = 10 iuA 


Note: For 3.58 MHz operation, V^p must be > 10V. 


Functional Description 



A connection diagram for the MM5369 is shown in 
Figure 1 and a block diagram is shown in Figure 2. 

TIME BASE 

A precision time base is provided by the interconnection 
of a 3,579,545 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
amplifier provided between the OSC IN and the OSC 
OUT terminals. Resistor R1 is necessary to bias the 
inverter for class A amplifier operation. Capacitors Cl 
and C2 in series provide the parallel load capacitance 
required for precise tuning of the quartz crystal. 

The network shown provides > 100 ppm tuning range 
when used with standard crystals trimmed for Ci_ = 
12 pF. Tuning to better than ±2 ppm is easily ob- 
tainable. 


A pulse is generated when divider stages 1 through 4, 16 
and 17 are in the correct state. By mask options, this 
pulse is used to set or reset individual stages of the 
counter. Figure 4 shows the relationship between the 
duty cycle and the programmed modulus. 


The Tuner Output is a buffered output at the crystal 
oscillator frequency. This output is provided so that the 
crystal frequency can be obtained without disturbing the 
crystal oscillator. The Divide Output is the input fre- 
quency divided by the mask programmed number. Both 
outputs are push-pull outputs. 
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Functional Description (Continued) 



*To be selected based on xtal used 

FIGURE 3. Crystal Oscillator Network 



D 10 20 30 40 50 60 70 

DUTY CYCLE {%) 


TL/F/6134-4 

FIGURE 4. Plot of Divide-By vs Duty Cycle 
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National 

Semiconductor 


MMSSIO? Series 17-Stage Oscillator/Divider 


General Description 


The MM53107 is a low threshold voltage CMOS 
integrated circuit with 17 binary divider stages that can 
be used to generate a precise reference from a 2.097152 
MHz quartz crystal. An internal pulse is generated by the 
combinations of stages 1—4, 16 and 17 to set or reset 
the individual stages. The MM53107 is advanced one 
count on the positive transition of each clock pulse. One 
buffered output is available: the 17th stage 60 Hz out- 
put. The MM53107 is available in an 8-lead dual-in-line 
epoxy package. 


Features 

■, Input frequency— 2.097152 MHz 

■ Output frequency— 60Hz 

■ Crystal oscillator 

■ High speed (2 MHz at Vdd = 2.5V) 

■ Wide supply range 2.5V— 6V 

■ Low power (0.5 mW @ 2 MHz/2. 5V) 

■ Fully static operation 

■ 8-lead dual-in-line package 


Block and Connection Diagrams 


OSC IN — 



Typical Performance Characteristics 


Dual-ln-Line Package 
VdD NC OSC out OSC in 


t t 


Typical Current Drain vs 
Oscillator Frequency 



DIVIDER Vss NC NC 
OUTPUT 


Order Number MM53107N 
See NS Package NOSE 


ViAYMAX 



0 1 Z 3 4 S 6 7 
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MM53107 


Absolute Maximum Ratings 

Voltage at Any Pin 

Operating Temperature 

Storage Temperature 

Package Dissipation 

Maximum Vcc Voltage 

Operating Vcc Range 

Lead Temperature (Soldering, 10 seconds) 


-0.3V to Vcc + 0.3V 
0°C to +70°C 
-65°Cto+150°C 
500 mW 
7V 

2.5V to 6V 
300° C 


Electrical Characteristics 

T/\ within operating temperature range, Vss “ Gnd, 2.5V < Vqd ^ OV unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

Quiescent Current Drain 

Vdd= 6V 


Operating Current Drain 

Vdd= 2.5V,f|N = 2.1 MHz 


Frequency of Oscillation 

Vdd= 2.4V 

dc 


Vdd= 6V 

dc 

Output Current Levels 



Logical “1 " Source 

Vqd = 4V, 

100 

Logical "0 " Sink 

VoUT=2V 

100 

Output Voltage Levels 



Logical "1 " 

VdD“ 6V ' iQSource = lOpA 

5.0 

Logical "0" 

iQSink = - lOpiA 




MAX 

UNITS 

10 


200 

fiA 

2-1 

MHz 

4.0 

MHz 


juA 


AiA 


V 

1.0 

V 


Functional Description 


A connection diagram for the MM53107 is shown in 
Figure 2 and a block diagram is shown in Figure 1. 


TIME BASE 

A precision time base is provided by the interconnection 
of a 2,097,152 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
amplifier provided between the Osc In and the Osc Out 
terminals. Resistor R1 is necessary to bias the inverter 
for class A amplifier operation. Capacitors Cl and C2 
in series provide the parallel load capacitance required 
for precise tuning of the quartz crystal. 


The network shown provides > 100 ppm tuning range 
when used with standard crystals trimmed for Cl = 
12 pF. Tuning to better than ±2 ppm is easily obtainable. 

DIVIDER 

A pulse is generated when divider stages 1—4, 16 and 17 
are in the correct state. This pulse is used to set or reset 
individual stages of the counter, the modulus of the 
counter is 34,952 to provide 60 Hz. 

OUTPUT 

The Divide Output is the input frequency divided by 
34,952. The output is a push-pull output. 



So 



4^° 


R1 

20IVI 

n 

< 

V .. .1 

u 

1 


Cl 2,097,152 Hz 

'5-36pF Cl = 12pF 


To be selected based on the crystal used tuf/6142-4 
FIGURE 3. Crystal Oscillator Network 


FIGURE 4. Duty Cycle for MIVI53107 
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MM58167A 


Absolute Maximum Ratings 

Voltageat All Pins 
Operating Temperature 
Storage Temperature 
Vqd-Vss 

Lead Temperature (Soldering, 10 seconds) 


Vss -0.3V to Vdd + 0.3V 
-40“Cto85°C 
-65"Cto150°C 
6.0V 
300 °C 


Electrical Characteristics Vss=ov, - 40 “C:sTa< 85 "c 


Parameter 


Conditions 


Min 


Max 


Units 


Supply Voltage 
Vqd 
V pD 

Supply Current 
Iqd, Static 

Iddi Dynamic 


bo. Dynamic 


input Voltage 
Logical Low 
Logical High 

Input Leakage Current 

Output Impedance 
Logical Low 
Logical High 

TRI-STATE 
Output Impedance 

"Logical Low, Sink 
Logical High, Leakage 


Outputs Enabled 
POWER DOWN Mode 

Outputs TRI-STATE® 
fiN = DC, Vdd = 5.5V 
Outputs TRI-STATE 
fiN = 32 kHz, Vdd = 5.5V 
V|hs Vdd - 0.3V 
V|L< Vss -f- 0.3V 
Outputs TRI-STATE 
fiN = 32kHz, Vdd = 5.5V 
V|H = 2.0V, V,L = 0.8V 


Vss^V|n<Vdd 
I/O and INTERRUPT OUT 
Vdd = 4.5V, loL = 1-6 mA 
Vdd = 4.5V, loH= -400ftA 
loH= -lO^tA 
Vss^Vqut^Vdd 


4.0 

2.0 


0.0 

2.0 

-1 


2.4 

0.8 Vdd 
-1 


RDY and STANDBY INTERRUPT 
(Open Drain Devices) 

Vdd = 4.5V, Iol = 1.6 mA 
Vqut^ Vdd 


5.5 

5.5 


10 


20 


0.8 

Vdd 

1 

0.4 


0.4 

10 


(i/K 


fiA 


mA 


V 

V 


V 

V 

V 
nA 


V 

^A 


Functional Description (Continued) 

TABLE I. REAL TIME COUNTER FORMAT 


Counter Addressed 

do 

Units 

D1 D2 

D3 

Max 

BCD 

Code 

D4 

Tens 

D5 D6 

D7 

Max 

BCD 

Code 

1/10,000 of Seconds 

(OOh) 

- 

- 

- 

- 

0 

D4 

D5 

D6 

D7 

9 

Hundredths and Tenths Sec 

(01 h) 

DO 

D1 

D2 

D3 

9 

D4 

D5 

D6 

D7 

9 

Seconds 

(02h) 

DO 

D1 

D2 

D3 

9 

D4 

D5 

D6 

- 

5 

Minutes 

(03h) 

DO 

D1 

D2 

D3 

9 

D4 

D5 

D6 

- 

5 

Hours 

(04h) 

DO 

D1 

D2 

D3 

9 

D4 

D5 

- 

- 

2 

Day of the Week 

(05h) 

DO 

D1 

D2 

- 


- 

- 

- 

- 

0 

Dayof the Month 

(06h) 

DO 

D1 

D2 

D3 


D4 

D5 

- 

- 

3 

Month 

(07h) 

DO 

D1 

D2 

D3 


D4 

- 

- 

- 

1 


(-) Indicates unused bits 
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Functional Description (continued) 






TABLE II. ADDRESS CODES AND FUNCTIONS 

A4 

A3 

A2 

A1 

AO 

Function 

0 

0 

0 

0 

0 

Counter— Ten Thousandths of Seconds 

0 

0 

0 

0 

1 

Counter— Hundredths and Tenths of Seconds 

0 

0 

0 

1 

0 

Counter— Seconds 

0 

0 

0 

1 

1 

Counter— Minutes 

0 

0 

1 

0 

0 

Counter— Hours 

0 

0 

1 

0 

1 

Counter— Day of Week 

0 

0 

1 

1 

0 

Counter— Day of Month 

0 

0 

1 

1 

1 

Counter— Month 

0 

1 

0 

0 

0 

RAM— Ten Thousandths of Seconds 

0 

1 

0 

0 

1 

RAM — Hundredths and Tenths of Seconds 

0 

1 

0 

1 

0 

RAM — Seconds 

0 

1 

0 

1 

1 

RAM — Minutes 

0 

1 

1 

0 

0 

RAM — Hours 

0 

1 

1 

0 

1 

RAM — Day of Week 

0 

1 

1 

1 

0 

RAM — Day of Month 

0 

1 

1 

1 

1 

RAM — Months 

1 

0 

0 

0 

0 

Interrupt Status Register 

1 

0 

0 

0 

1 

Interrupt Control Register 

1 

0 

. 0 

1 

0 

Counters Reset 

1 

0 

0 

1 

1 

RAM Reset 

1 

0 

1 

0 

0 

Status Bit 

1 

0 

1 

0 

1 

GO Command 

1 

0 

1 

1 

0 

STANDBY INTERRUPT 

1 

1 

1 

1 

1 

Test Mode 

All others unused 
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Functional Description (Continued) 

The comparator is a cascaded exclusive NOR. Its output is 
latched 61 fis after the rising edge of the 1 kHz clock signal 
(input to the ten thousandths of seconds counter). This 
allows the counter to ripple through before looking at the 
comparator. For operation at less than 4.0V, the thousand- 
ths of seconds counter should not be Included in a com- 
pare because of the possibility of having a ripple delay 
greater than 61 fis. (For output timing see Interrupt 
Timing.) 

Power Down Mode 

The POWER DOWN input is essentially a second chip 
select. It di sables all i nputs and outputs except for the 
STANDBY INTERRUPT. When this input is at a logical 
zero, the device will not respond to any external signals. It 
will, how ev er, maintai n timekeeping and turn on the 
STANDBY INTERRUPT if progra(nme d to d o so. (T he 
programming must be done before the POWER DOWN in- 
put goes to a logical zero.) When switchi n g Vop to the 
standby or power down mode, the POWER DOWN input 
should go to a logical zero at least 1 ^LS before Vdd is 
switched. When switching Vdq ail other inputs must re- 
main between Vgs-O.SV and VpD-t-O.SV. When restoring 
VoQto the normal operating mode, it is necessary to insure 
t hat all o ther inp uts are at valid levels before switching the 
POWER DOWN input back to a logical one. These precau- 
tions are necessary to insure that no data is lost or altered 
when changing to or from the power down mode. 

Counter and RAM Resets; GO Command 

The counters and RAM can be reset by writing all Ts (FF) at 
address 12h or 13h respectively. v 

A write pulse at address 15 h will reset the thousandths, 
hundredths, tenths, units, and tens of seconds counters. 
This GO command is used for precise starting of the clock. 
The data on the data bus is ignored during the write. If the 
seconds counter is at a value greater than 39 when the GO 
is issued, the minute counter will increment; otherwise the 
minute counter is unaffected. This command is not neces- 
sary to start the clock, but merely a convenient way to 
start precisely at a given minute. 

Status Bit 

The status bit is provided to inform the user that the clock 
is in the process of rolling over when a counter is read. The 
status bit is set if this 1 kHz clock occurs during or after 
any counter read. This tells the user that the clock Is rip- 
pling through the real time counter. Because the clock is 


rippling, invalid data may be read from the counter. If the 
status bit is set following a counter read, the counter 
should be reread. 

The status bit appears on DO when address 14 h is read. All 
the other data lines will be zero. The bit is set when a 
logical one appears. This bit should be read every time a 
counter read or after a series of counter reads are done. 
The trailing edge of the read at address 14 h will reset the 
status bit. 

Oscillator 

The oscillator used is the standard Pierce parallel reso- 
nant oscillator. Externally, 2 capacitors, a 20 MO resistor 
and the crystal are required. The 20 MO resistor is con- 
nected between OSC IN and OSC OUT to bias the internal 
inverter in the linear region. For micropower crystals a 
resistor in series with the oscillator output may be 
necessary to insure the crystal is not overdriven. This 
resistor should be approximately 200 kll. The capacitor 
values should be typically 20 pF-25 pF. The crystal fre- 
quency is 32,768 Hz. 

The oscillator input can be externally driven, if desired. In 
this case the output should be left floating and the input 
levels should be within 0.3V of the supplies. 

A ground line or ground plane between pins 9 and 10 may 
be necessary to prevent interference of the oscillator by 
the A4 address. 

Control Lines 

The RE^D, WRI TE, and CHIP SELECT signals are active 
low inputs. The READY signal is an ope n drain output. At 
the start of each read or write cycle the READY line (open 
drain) will pull low and will remain low until valid data 
from a chip read appears on the b us or d ata on the bus is 
latched in during a write. REA D and WRITE must be 
accompanied by a CHIP SELECT (see Figures 3 and 4 for 
read and write cycle timing). 

During a read or write, address bits must not change while 
chip select and control strobes are low. 

Test Mode 

The te^t mode is merely a mode for production testing. It 
allows the counters to count at a higher than normal rate. 
In this mode the 32 kHz oscillator input is connected 
directly to the ten thousandths of seconds counter. The 
chip select and write lines must be low and the address 
must be held at IFh. 
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tiNTON Status Register Clock to INTERRUPT 
OUTPUT (Pin 13) High (Note 1) 

tsBYON Compare Valid to STANDBY INTERRUPT 
(Pin 14) Low (Note 1) 

'iNTOFF Trailing Edge of Status Register 
Read to INTERRUPT OUTPUT Low 

'sBYOFF Trailing Edge of Write Cycle 

(DO = 0; Address = 16 h) to STANDBY 
INTERRUPT Off (High Impedance State) 


Note1: The status register clocks are: the corresponding counter's rollover to its reset state or the compare becoming valid. The compare becomes valid 61 ns 
after the 1/10,000 of a second counter is clocked, if the real time counter data matches the RAM data. 

Read Cycle Timing - 4 o°c<Ta< 85 °c, 4 . 5 v<Vdd^ 5 . 5 v,Vss=ov 


Max 

Units 

5 

AS 

5 

fiS 

5 

AS 

5 

AS 


Parameter 

Min 

Max 

Units 

Ur 

Address Bus Valid to Read Strobe 

100 


ns 

tcsR 

Chip Select to Read Strobe 

0 


ns 

tRRY 

Read Strobe to Ready Strobe 


150 

ns 

Iryd 

Ready Strobe to Data Valid 


800 

ns 

Ud 

Address Bus Valid to Data Valid 


1050 

ns 

fRH 

Data Hold Time From Trailing Edge of Read Strobe 

0 


ns 

thZ 

Trailing Edge of Read Strobe to TRI-STATE Mode 


250 

ns 

tRYH 

Read Hold Time after Ready Strobe 

0 


ns 

tRA 

Address Bus Hold Time from Trailing Edge of Read Strobe 

50 


ns 

tpYDV 

Rising Edge of Ready to Data Valid 


100 

ns 


Note 2: If t^R = 0 and Chip Select, Address Valid or Read are coincident then they must exist for 1050 ns. 
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Write Cycle Timing - 4 o°c<Ta< 85 'c, 4 . 5 v<Vdd: 25 . 5 v, Vss=ov 


Address Valid to Write Strobe 



tcsw Chip Select to Write Strobe 

tow Data Valid before Write Strobe 

twRY Write Strobe to Ready Strobe 

tpy Ready Strobe Width 

tpYH Write Hold Time after Ready Strobe 

two Data Hold Time after Write Strobe 

twA Address Hold Time after Write Strobe 


Note 3: If data changes while CS and WH are low, then they must remain coincident for 1050 ns after the data change to ensure a valid write. 
Data bus loading Is 100 pF. 

Ready output loading Is 50 pF and 3 kO pull-up. 

Input and output AC timing levels: 

Logical one = 2.0V 
Logical zero = 0.8V 


Read and Write Cycle Timing Diagrams 

















Typical Applications 

system system data 



Note 4: A ground line or ground plane guard trace should be Included between pins 9 and 10 to Insure the oscillator Is not disturbed by the address line. 

FIGURE 5. Typical Connection Diagram 



Note 5: Must use 8238 or equivalent logic to insure advanced l/OW pulse; so that the ready output of the MM58167A is valid by the end of </>2 during the T2 
microcycle. 

Note 6: t02^<RS8O8O + *DL8238 + ‘WRY58167A- 

FIGURE 6. 8080 System Interface with Battery Backup 
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INTERRUPT 

OUTPUT 

(NOT OP ERATIONAL 
DURING PWR DOWN 
CONDITION) 


STANDBY I .. 
INTERRUPT h' ► 
LOGIC STANDBY 


P OWER ^ 23 



ADDRESS DECODES 
19 ADDRESSES 
2 RESETS 

2 SPECIAL COMMANDS 
1 TEST MODE 


Interru pt 

OUTPUT 
(OPEN DRAIN 
OPERATION DURING 
PWR DOWN CONDITION) 


FIGURE? 
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National 

miA Semiconductor 


MM58174A Microprocessor-Compatible Real-Time Clock 

General Description 


The MM58174A is a low-threshold metal-gate CMOS cir- 
cuit that functions as a real-time clock and calendar in 
bus-oriented microprocessor systems. The device in- 
cludes an interrupt timer which may be programmed to 
one of three times. Time-keeping is maintained down to 
2.2V to allow low power standby battery operation. The 
timebase is generated from a 32768Hz crystal-controlled 
oscillator. 

Features 

■ Microprocessor compatible 

■ Tenths of seconds, seconds, tens of seconds, 
minutes, tens of minutes, day of week, days, tens of 
days, months, tens of months, independent registers 

■ Automatic leap year calculation 

■ Internal pull-ups to safeguard data 

o Protection for read during data changing 

■ Independent interrupt system with open drain output 


n TTL compatible 

■ Low power standby operation (2.2V, lO^A) 

■ Low cost internally biased oscillator 
o Low cost 16-pin dual-in-line package 
o Available for commercial and military 

temperature ranges 

Applications 

■ Point-of-sale terminals 
B Word processors 

n Teller terminals ‘ 
o Event recorders 

Q Microprocessor-controlled instrumentation 
B Microprocessor time clock 
Q TV/VCR reprogramming 
o Intelligent telephone 



Figure 1. Block Diagram 
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Absolute Maximum Ratings 

Voltage at All Inputs and Outputs 
Operating Temperature 
MM58174AN 
Storage Temperature 
Vdd- V ss 

Lead Temperature (Soldering, 10 seconds) 


Vdd + 0-3 to Vss — 0.3 

-40”Cto +85‘’C 
-65°Cto +150-0 
6.5V 
300-0 


Eiectrical Characteristics Ta= 


Symbol 


Vdd 



Parameter 


Supply Voltage 


Supply Current 


Input Logic Levels 
For Signals: 

ADq — AD 3 , DBq — DB 3 , 
WR, RD, CS 
Logic “1” 

Logic “0” 


Input Capacitance 


Input Current Levels 


Current to Vss 
For Signals: 

ADq ~ AD 3 , DBq — DB3, 
RD 


Internal Resistor to Vqd 
F or Signais: 

WR 

CS 


Output Logic Leveis 
For Signals: 

DBq — DB 3 
Logic “1” 

Logic “0” 

iNTERRUPT (Open Drain) 
Logic "0” 

Off Leakage 


: -40°Cto +85-C,Vss = 0V 


Conditions 


Standby mode 
(no READ or WRITE 
instructions) 

Operational mode 


Vdd = 2.2V (Standby) 
MM58174AN 
Vdd = 5V (Operating) 


Vdd = 5V 



ioH = 0.1 mA 
loL = 1.6mA 

For Ids= - 1-6 mA 

Vout = 5V 



30 

fA 


kQ 


ks 


V 


V 

0.4 

V 

5 

fA 
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Functional Description 

The MM58174 is a microprocessor bus-oriented real-time 
clock. The circuit includes addressable real-time coun- 
ters for tenths of seconds through months and a write 
only register for leap year calculation. The counters are 
arranged as bytes of four bits each. When addressed a 
byte will appear on the data I/O bus so that each word 
can be accessed independently. If any byte does not 
contain four bits (e.g. days of the week uses only 3 bits), 
the unused bits will be unrecognized during a write oper- 
ation and tied to Vss during a read operation. 

The addressable reset latch causes the pre-scaler, tenths 
of seconds, seconds, and tens of seconds to be held in a 
reset condition. If a register is updated during a read 
operation the I/O data Is prevented from updating and a 
subsequent read will return the illegal b.c.d. code ‘1111’. 
The interrupt timer may be programmed for inten/als of 
0.5 second, 5 seconds, or 60 seconds and may be coded 
as a single or repeated operation. The open drain inter- 
rupt output is pulled to Vss when the timer times out and 
reading the interrupt register provides the internal se- 
lected information. 

Circuit Description 

The block diagram shown in Figure 1 shows the structure 
of the CMOS clock chip. A 16-pin DIL package is used. 

Crystal Oscillator 

This consists of a CMOS inverter/amplifier with on-chip 
bias resistor and capacitors. A single 6-36 pF trimmer is 
all that is required to fine tune the crystal (see Figure 2). 
However, for improved stability, some crystals may 
require a capacitor of typical value 20pF to be added 
between pin 14 and ground. The output of the oscillator 
is blocked by the start/stop F/F. 

Non-Integer Divider 

This counter divides the incoming 32,768 Hz frequency 
by 15/16 down to 30,720 Hz. 

Fixed Divider (512) 

This is a standard 9-stage binary ripple counter. Output 
frequency is 60 Hz. This counter is reset to zero by start/ 
stop F/F. 

Fixed Divider (6) 

This is a 3-stage Johnson counter with a 10Hz output 
signal. This counter is reset to zero state by the 
start/stop F/F. 

Synchronization Stage 

Both 10Hz and 32,768Hz clocks are fed into this sec- 
tion. It is used to generate a pulse of 15.25fjs width on 
the rising edge of each 10Hz pulse. 

This pulse is used to increment all the seconds, minutes, 
hours, days, months, and year counter and also to set the 
data changed F/F. 

Data Changed F/F 

This is set by the rising edge of each 10Hz pulse to indi- 
cate that the clock value has changed since the last read 
operation. It is reset by any clock read command. 


Connection Diagram 


cs — 

1 

16 

bB — 

2 

15 

WR — 

3 

14 

DB3 — 

4 

13 

DB2 — 

5 

12 

DBl 

6 

11 

OBq — 

7 

10 

Vss — 

a 

9 


Top View 


vdd 

CRYSTAL IN 
CRYSTAL OUT 

Interrupt 

ADq 

ADl 

AD2 

A03 


Order Number MM58174AN 
See NS Package N16E 


The flip-flop sets all data bus bits to a “1” during RD 
time indicating that a register has been updated. This 
transient condition may occur at the end of the Read 
Data strobe. Hence, invalid data may still be read from 
the clock, if the strobe width was less than 3^(S. 

The possibility may be overcome by implementing a fur- 
ther read of the tenths of seconds register at the end of 
every series of reads (starting with a read at the tenths of 
seconds register) and checking for unchanged data. 


Seconds Counters 

There are three counters for Seconds: 

a) tenths of seconds 

b) units of seconds 

c) tens of seconds 

The outputs of all three counters can be separately multi- 
plexed on to the command 4-bit output bus. Table 1 
shows the address decoding for each counter. All three 
counters are reset to zero by the start/stop F/F. 

Minutes Counters 

There are two Minutes counters: 

a) units of minutes 

b) tens of minutes 

Both counters are parallel loaded with data from the 4-bit 
input bus when addressed by the microprocessor and a 
Write Data Strobe pulse given. Similarly, the output of 
both counters can be read separately onto the common 
4-bit output bus (Table 1). 

Hours Counters 

There are two Hours counters which will count in a 24- 
hour mode: 

a) units of hours 

b) tens of hours 

Both counters have identical parallel load and read multi- 
plex features to the Minutes counters. 

Seven Day Counter 

There is a 7-state counter which increments every 24 
hours. It will have identical parallel load and read mul- 
tiplex capabilities to the Minutes and Hours counters. 
The counter counts cyclically from 1-7. 


m 
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20M 



Figure 2. Crystal Oscillator 



Figure 3. Test Mode Organization 


Days Counter 

There are two Days counters: 

a) units of days 

b) tens of days 

The Days counters will count up to 28, 29, 30, or 31 days 
depending on the state of the Months counters and the 
Years Status Register. Days counters have parallel load 
and read multiplex capabilities. 

Months Counters 

There are two Months counters: 

a) units of months 

b) tens of months 

The Months counters have parallel load and read multi- 
plex capabilities. 

Years Status Register 

The Years Status register is a shift register of 4 bits. It 
will be shifted every year on December 31st. The status 
register must be set in accordance with Table 3. No 
readout capability is provided. 

Chip Seiect (^) 

An external chip select is provided. The chip enable is 
active Ipw. 

Counter and Register Seiection 

Table 1 shows the coding on the address lines AD0-AD3 
which select the registers in the circuit to be either par- 
allel loaded or read on to the output bus. 


Start/Stop (Reset) Latch 

A logic “1” on DBq at chip address 14 (E) will start the 
clock running, a logic "0” will stop the clock. This func- 
tion allows the loading of time data into the clock and 
its precise starting. The clock starts at 0.1 seconds. 

Test Mode 

This mode is incorporated to facilitate production testing 
of the circuit. In this mode, the 32,768Hz clock is fed 
forward as shown in Figure 3. For normal operation, the 
circuit must be set to the non-test mode as part of the 
system initialization. This is accomplished by writing a 
logic “0” to DB3 at ADq. 

Table 1. Address Decoding for Internal Registers 


„ , , . „ . Address Bits . 

Selected counter AD 3 ADj AD^ ADq 


0 

Test Only 

0 

0 

0 

0 

Write Only 

1 

Tenths of secs. 

0 

0 

0 

1 

Read Only 

2 

Units of secs. 

0 

0 

1 

0 

Read Only 

3 

Tens of secs. 

0 

0 

1 

1 

Read Only 

4 

Units of mins. 

0 

1 

0 

0 

Read or Write 

5 

Tens of mins. 

0 

1 

0 

1 

Read or Write 

6 

Units of hours 

0 

1 

1 

0 

Read or Write 

7 

Tens of hours 

0 

1 

1 

1 

Read or Write 

8 

Units of days 

1 

0 

0 

0 

Read orWrite 

9 

Tens of days 

1 

0 

0 

1 

Read or Write 

10 

Day of week 

1 

0 

1 

0 

Read or Write 

11 

Units of months 

1 

0 

1 

1 

Read or Write 

12 

Tens of months 

1 

1 

0 

0 

Read or Write 

13 

Years 

1 

1 

0 

1 

Write Only 

14 

Stop/Start 

1 

1 

1 

0 

Write Only 

15 

Interrupt 

1 

1 

1 

1 

Read or Write 
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Table 2a. Interrupt Selection Data 


Mode: Address 15, Write Mode 

Function 

DB3 

DB2 

DBi 

DBo 

No Interrrupt 

X 

0 

0 

0 

Int. at 60 sec. intervals* 

0/1 

1 

0 

0 

Int. at 5.0 sec. intervals* 

0/1 

0 

1 

0 

Int. at 0.5 sec. intervals* 

0/1 

0 

0 

1 

* -f-16.6ms 





. DB3 = 0, single interrupt 

DB3 = 

1, repeated interrupt 

Table 2b. Interrupt Read Back (Status) 



Mode: Address 15, Read Mode 

Interrupt Status 

DB3 

DB2 

DBi 

DBo 

Reset 

X 

0 

0 

0 

60 sec. signal 

X 

1 

0 

0 

5.0 sec. signal 

X 

0 

1 

0 

0.5 sec. signal 

X 

0 

0 

1 


X = don’t care state 


Table 3. Years Status Register 


Mode: Address 13, Write Mode 



DB3 

DB2 

DBi 

0 

ffl 

Q 

Leap year 

1 

0 

0 

0 

Leap year - 1 

0 

1 

0 

0 

Leap year -2 

0 

0 

1 

0 

Leap year -3 

0 

0 

0 

1 


Note; Leap year counter rolls over on Dec. 31 @23:59:59 


Interrupt System 

The interrupt output and its frequency of operation is 
enabled by writing to address 15 (see Table 2a). To 
ensure correct operation, the interrupt should be serv- 
iced within 16.6ms. 

The interrupt is initialized by writing “0” to address 15 
and reading the interrupt, i.e., reading at address 15 three 
times. Initialization must be performed at power on and 
also if the interrupt is not serviced correctly within 16.6 ms. 

Servicing the Interrupt 

In a typical system the open drain interrupt output is 
wired to the processor interrupt system. Hence, when the 
interrupt timer times out, the interrupt output is pulled 
low and the processor is interrupted. 

The processor may then reset the interrupt by utilizing 
the following procedure: 

Read Address 15 three times. 

This resets the interrupt output and restarts the inter- 
rupt timer when in the repeat mode. 



RS=35kQ 


Figure 4. Typical Crystal Parameters 


Device Initialization and Oscillator Setting 

When first installed or if the battery back-up has failed, the 
MM58174A will require to be properly initialized. The 
following sequence is a suggested flow of operations to 
achieve this. 


Action 

1) Apply power. 

2) Write ‘0’ to address 15. 

3) Read 3 times from 
address 15. 

4) Write ‘0’ on DB3 to 
address 0. 

5) Write ‘0’ on DBO to 
address 14. 

6) Set up time-keeping 
registers. 

7) Write ‘T on DBO to 
address 14. 

8) Program and start 
interrupts. 


Result 

Clears interrupt timer 
chain. 

Clears interrupt output 
logic. 

Clears test mode. 

Stops clock running. 

Load real-time into device 
time registers, minutes to 
leap years. » 

Starts time-keeping 
synchronized to an 
external time source. 
Commence interrupt 
timing, if so required. 


Oscillator Setting 

Directly connecting a frequency meter to the Crystal Out 
pin (14) will not allow correct frequency setting because of 
the extra capacitive loading of the meter. One possibiiity for 
setting is to use a high impedance probe or a CMOS buffer 
to keep the loading as iow as possibie(e.g., 100 x 2 pF probe). 
Alternatively, a buffered output of 16.384 kHz (OSC/2) can be 
produced on DBO by applying the foilowing procedure: 


Action 

1) Write a ‘1’ on DB3 to 
address 0. 

2) Write a ‘1’ on DBO to 
address 14. 

3) Read at address 1 
(tenths of secs). 

4) Read at address 1 and 
HOLD the strobe LOW. 


Result 

Selects test mode. 

Starts clock timing. 

‘Data Changed’ signal is 
read. 

16.384 kHz appears on DBO. 


It is recommended that the interrupt output is connected 5) Adjust trimmer capacitor, 

to a unique processor port. 

Crystal Parameters There must be no extra activity on the RD line between 

Figure 4 is an electrical representation of the crystal steps3and4oronlythenormal‘DataChanged’ signal will 

along with some typical values. The 32.768 kHz crystal is be observed on the data bus. Thus if the normal host proc- 
an NT CUT (tuning fork type) or XY BAR for use in a paral- essor system is being used to generate the chip wave- 

lei resonant Pierce oscillator. forms, proper care must be taken. 
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Timing Waveforms 

Read Mode 

Figure 6 gives detailed timing for the transfer of data from peripheral to microprocessor. See Table 4. 
All times are measured from (or to) valid logic "0” level = 0.8V or valid logic “1 ” level = 2.0V. 

Write Mode 

Figure 7 gives detailed timing for the transfer of data from Microprocessor to peripheral. See Table 5. 



Figure 5. Typical Microprocessor Interface 



VOD (V) 

Figure 8. Typical Supply Current vs Supply Voltage During Power Down 
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Operating Conditions 


MM58174AN 


Symbol 

Parameter 

Ucso 

Address Bus Valid to Chip Select 
■ ON (CS = 0) 

tcSR 

Chip Select ON to Read Strobe 

tpD 

Read Cycle Access Time from 

Read Strobe to Data Bus Valid 

Irh 

Data Hold Time from Trailing 

Edge of Read Strobe 

Ira 

Address Bus Hold Time from 

Trailing Edge of Read Strobe 

Ucsi 

Address Change to Chip Select 

OFF 

Iad 

Address Bus Valid to Data Valid 

tHZ 

Time from Trailing Edge of Read 

Strobe until Interface Device Bus 
Drivers are in TRI-STATE® Mode 

tpw 

Read Strobe Width 

tAR 

Address Bus Valid to Read Strobe 

Note 1; In order not to degrade timekeeping accuracy, the number of 

Table 5. Timing: Data fi 

Symbol 

Parameter 

Ucso 

Address Bus Valid to Chip Select 
,ON(CS = 0) 

tcsw 

Chip Select ON to Write Strobe 

tAW 

Address Bus Valid to Write Strobe 

tww 

Write Strobe Width 

tow 

Data Bus Valid Before Write 

Strobe 

tWA 

Address Bus Hold Time Following 

Write Strobe 

two 

Data Bus Hold Time Following 

Write Strobe 

Ucsi 

Address Change to Chip Select 
OFF(^ = 1) 


Ta= - 40°Cto +85°C 
Vdd = 5V 

Table 4. Timing: Data from Peripheral to Microprocessor 


Typ 


MM58174AN 


Min Max 


Note 1: If address and write occur simultaneously, then they must exit (or tAw ^nd tywy 
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MM58274 



National 

Semiconductor 


MM58274 Microprocessor Compatible Real Time Clock 


General Description 

The MM58274 is fabricated using low threshold metal gate 
CMOS technology and is designed to operate in bus ori- 
ented microprocessor systems where a real time clock and 
calendar function are required. The on-chip 32.768 kHz 
crystal controlled oscillator will maintain timekeeping 
down to 2.2V to allow low power standby battery operation. 
This device is pin compatible with the MM58174 but con- 
tinues timekeeping up to tens of years. Faster access times 
are also offered. 

Applications 

■ Point of sale terminals 

■ Teller terminals 

■ Word processors 

■ Data logging 

■ Industrial process control 


Features 

■ Same pin-out as MM58174A 

■ Timekeeping from tenths of seconds to tens of years in 
independently accessible registers 

■ Hours counter programmable for 1 2 or 24-hour operation 
H Buffered crystal frequency output in test mode for easy 

oscillator setting 

B Data-changed flag allows simple testing for time rollover 

■ Independent interrupting timer with open drain output 
B Fully TTL compatible 

B Low power standby operation (10 at 2.2V) 

B Low cost 16-pin DIP 


Block Diagram 



FIGURE 1 
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Absolute Maximum Ratings 

Voltage at All Inputs and Outputs Vdd + 0.3V to Vss - 0.3V 
Operating Temperature -40°Cto +85°C 

StorageTemperature -65°Cto + 150°C 

Vdd -V ss 6.5V 

Lead Temperature (Soldering, 1 0 seconds) 300°C 


Electrical Characteristics Ta= -40'’Cto +85°C,Vdd = 5V±0.5V unless otherwise stated 


Parameter 


Vdd, Supply Voltage (Voltage at Vdd Pin) 


Idd, Supply Current 


INPUT LOGIC LEVELS 


All Inputs (Except XTAL IN) 


INPUT CURRENT LEVELS (ACTIVE PULL 


ADO to AD3 
DBO to DB3 


INTERNAL RESISTOR TO Vdd 


WR 

RD 


CS 


OUTPUT LOGIC LEVELS 


Conditions 


Standby Mode 

(No Read or Write Instructions) 
Operational Mode ' 


Standby Mode (Vdd = 2.2V) 
Operational Mode (Vdd = 5V) 


V|H (Logic 1) 

V|L (Logic 0) 

Input Capacitance 


UPS TO Vdd) 


V|N = Vss 
Vdd = 5V 




30 

100 

30 

100 

10 

40 



DBO to DB3 

Logic 1 (1 OH = 0.2 m A) 

Logic 0(loL = 3.2 mA) 

Interrupt 

Logic 0 (Iol = 3.2 mA) 

Off Leakage 




V 

0.4 

V 

0.4 

V 

2 

^,A 


Connection Diagram 


Dual-ln-Line Package 


DBO — 7 
Vss — 8 


^ 

1 • 

z ? — 

16 

2 

15 

3 

14 

4 

13 

5 

'l2 

6 

11 

7 

10 

8 

9 


15^ — XTAL IN 


14^ — XTAL OUT 


Functional Description 

The MM58274 is a bus oriented microprocessor real time 
clock. It has the same pin-out as the MM58174A while 
offering extended timekeeping up to units and tens of 
years. To enhance the device further, a number of other 
features have been added including: 12 or 24 hours count- 
ing, a testable data-changed flag giving easy error-free 
time reading and simplified interrupt control. 

A buffered oscillator signal appears on the interrupt out- 
put when the device is in test mode. This allows for easy 
oscillator setting when the device is initially powered up in 
a system. 

The counters are arranged as 4-bit words and can be ran- 
domly accessed for time reading and setting. The count- 
ers output in BCD (binary coded decimal) 4-bit numbers. 
Any register which has less than 4 bits (e.g., days of week 
uses only 3 bits) will return a logic 0 on any unused bits. 
When written to, the unused inputs will be ignored. 
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Functional Description (Continued) 


Writing a logic 1 to the clock start/stop control bit resets 
the internal oscillator divider chain and the tenths of 
seconds counter. Writing a logic 0 will start the clock tim- 
ing from the nearest second. The time then updates every 
100 ms with all counters changing synchronously. Time 
changing during a read is detected by testing the data- 
changed bit of the control register after completing a 
string of clock register reads. 

Interrupt delay times of 0.1s, 0.5s, Is, 5s, 10s, 30s or 60s 
can be selected with single or repeated interrupt outputs. 
The open drain output is pulled low whenever the interrupt 
timer times out and is cleared by reading the control 
register. 

CIRCUIT DESCRIPTION 

The block diagram in Figure 1 shows the internal structure 
of the chip. The 16-pin package outline is shown in Figure 2. 

Crystal Oscillator 


When the chip is enabled into test mode, the oscillator is 
gated onto the interrupt output pin giving a buffered oscil- 
lator output that can be used to set the crystal frequency 
when the device is installed in a system. For further infor- 
mation see the section on Test Mode. 

Divider Chain 

The crystal oscillator is divided down in three stages to pro- 
duce a 10 Hz frequency setting pulse. The first stage is a 
non-integer divider which reduces the 32.768 kHz input to 
30.720 kHz. This is further divided by a 9-stage binary ripple 
counter giving an output frequency of 60 Hz. A 3-stage 
Johnson counter divides this by six, generating a 10 Hz out- 
put. The 10 Hz clock is gated with the 32.768 kHz crystal fre- 
quency to provide clock setting pulses of 1 5.26 ;4S duration. 
The setting pulse drives all the time registers on the device 
which are synchronously clocked by this signal. All time 
data and the data-changed flag change on the falling edge 
of the clock setting pulse. 


This consists of a CMOS inverter/amplifier with an on-chip 
bias resistor. Externally a 20 pF capacitor, a 6 pF-36 pF 
trimmer capacitor and a crystal are required to complete 
the 32.768 kHz timekeeping oscillator circuit. 

The 6 pF-36 pF trimmer fine tunes the crystal load imped- 
ance, optimizing the oscillator stability. When properly 
adjusted (i.e., to the crystal frequency of 32.768 kHz), the 
circuit will display a frequency variation with voltage of 
less than 3 ppm/V. 


Data-Changed Flag 

The data-changed flag is set by the clock setting pulse to 
indicate that the time data has been altered since the 
clock was last read. This flag occupies bit 3 of the control 
register where it can be tested by the processor to sense 
data-changed. It will be reset by a read of the control 
register. See the section, “Methods of Device Operation”, 
for suggested clock reading techniques using this flag. 



* Resistor Is only used with NI-CAD cells. Omit for lithium, 
silver or other primary cells. 

FIGURE 3. Typical System Connection Diagram 


3-28 












Functional Description (Continued) 

Seconds Counters 

There are three counters for seconds: 

a) tenths of seconds 

b) units of seconds 

c) tens of seconds. 

The registers are accessed at the addresses shown in 
Table I. The tenths of seconds register is reset to 0 when 
the ciock start/stop bit (bit 2 of the controi register) is set 
to iogic 1. The units and tens of seconds are set up by the 
processor, giving time setting to the nearest second. Ail 
three registers can be read by the processor for time 
output. 

Minutes Counters 

There are two minutes counters: 

a) units of minutes 

b) tens of minutes. 

Both registers may be read to or written from as required. 

Hours Counters 

There are two hours counters: 

a) units of hours 

b) tens of hours. 

Both counters may be accessed for read or write opera- 
tions as desired. 

In 12-hour mode, the tens of hours register has oniy one ac- 
tive bit and the top three bits are set to iogic 0. Data bit 1 of 
the ciock setting register is the AM/PM indicator; iogic 0 
indicating AM, logic 1 for PM. 


When 24-hour mode is programmed, the tens of hours reg- 
ister reads out two bits of data and the two most signifi- 
cant bits are set to logic 0. There is no AM/PM indication 
and bit 1 of the clock setting register wiii read out a logic 0. 

In both 12/24-hour modes, the units of hours wiii read out 
four active data bits. 12 or 24-hour mode is seiected by bit 0 
of the clock setting register; iogic 0 for 12-hour mode, logic 1 
for 24-hour mode. 

Days Counters 


The days counters will count up to 28, 29, 30 or 31 depend- 
ing on the state of the months counters and the leap year 
counter. The microprocessor has full read/write access to 
these registers. 


Both these counters have full read/write access. The 
years will count up to 99 and roll over to 00. 


Months Counters 

There are two months counters: 

a) units of months 

b) tens of months. 

Both these counters have full read/write access. 

Years Counters 

There are two years counters: 

a) units of years 

b) tens of years. 


There are two days counters: 

a) units of days 

b) tens of days. 


TABLE I. ADDRESS DECODING OF REAL-TIME CLOCK INTERNAL REGISTERS 



Register Selected 

Address (Binary) 

(Hex) 

Access 


ESSi 




0 

Control Register 

0 

0 

0 

0 

0 

Split Read and Write 

1 

Tenths of Seconds 

0 

0 

0 

1 

1 

Read Only 

2 

Units Seconds 

0 

0 

1 

0 


R/W 

3 

Tens Seconds 

0 

0 

1 

^ 1 


R/W 

4 

Units Minutes 

0 

1 

0 

0 


R/W 

5 

Tens Minutes 

0 

1 

0 

1 


R/W 

6 

Units Hours 

0 

1 

1 

0 

6 

R/W 

7 

Tens Hours 

0 

1 

1 

1 

7 

R/W 

8 

Units Days 

1 

0 

0 

0 

8 

R/W 

9 

Tens Days 

1 

0 

0 

1 

9 

R/W 

10 

Units Months 

1 

0 

1 

0 

A 

R/W 

11 

Tens Months 

1 

0 

1 

1 

B 

R/W 

12 

Units Years 

1 

1 

0 

0 

C 

R/W 

13 

Tens Years 

1 

1 

0 

1 

D 

R/W 

14 

Day of Week 

1 

1 

1 

0 

E 

R/W 

15 

Clock Setting/ 
Interrupt Registers 

1 

1 

1 

1 

F 

R/W 


3-29 


MM58274 





















MM58274 


Functional Description (Continued) 

Day of Week Counter 

The day of week counter increments as the time roils from 
23:59 to 00:00 (11:59 PM to 12:00 AM in 12-hour mode). It 
counts from 1 to 7 and rolls back to 1 . Any day of the week 
may be specified as day 1 . 

Clock Setting Register/Interrupt Register 

The interrupt select bit in the control register determines 
which of these two registers is accessible to the proces- 
sor at address 15. Normal clock and interrupt timing 
operations will always continue regardless of which regis- 
ter is selected onto the bus. The layout of these registers 
is shown in Table II. 

The clock setting register is comprised of three separate 
functions: 

a) leap year counter: bits 2 and 3 

b) AM/PM indicator: bit 1 

c) 12/24-hour mode set: bit 0 (see Table IIA). 

The leap year counter is a 2-stage binary counter which is 
clocked by the months counter. It changes state as the 
time rolls over from 11:59 on December 31 to 00:00 on 
January 1. 

The counter should be loaded with the ‘number of years 
since last leap year’ e.g., if 1980 was the last leap year, a 
clock programmed in 1983 should have 3 stored in the leap 
year counter. If the clock is programmed during a leap 
year, then the leap year counter should be set to 0. The con- 
tents of the leap year counter can be read by the ftP. 


The AM/PM indicator returns a logic 0 for AM and a logic 1 
for PM. It is clocked when the hours counter rolls from 
11:59 to 12:00 in 12-hour mode. In 24-hour mode this bit is 
set to logic 0. 

The 12/24-hour mode set determines whether the hours 
counter counts from 1 to 1 2 or from 0 to 23. It also controls 
the AM/PM indicator, enabling it for 12-hour mode and 
forcing it to logic 0 for the 12-hour mode. The 12/24-hour 
mode bit is set to logic 0 for 12-hour mode and it is set to 
logic 1 for 24-hour mode. 

IMPORTANT NOTE: Hours mode and AM/PM bits cannot 
be set in the same write operation. See the section on 
Initialization (Methods of Device Operation) for a sug- 
gested setting routine. 

All bits in the clock setting register may be read by the 
processor. 

The Interrupt register controls the operation of the timer 
for interrupt output. The processor programs this register 
for single or repeated interrupts at the selected time 
intervals. 

The lower three bits of this register set the time delay 
period that will occur between interrupts. The time delays 
that can be programmed and the data words that select 
these are outlined in Table IIB. 

Data bit 3 of the interrupt register sets for either single or 
repeated interrupts; logic 0 gives single mode, logic 1 sets 
for repeated mode. 

Using the interrupt is described in the Device Operation 
section. 


TABLE IIA. CLOCK SETTING REGISTER LAYOUT 


Function 

Data Bits Used 

Comments 

Access 

DBS 

DB2 

rnn 

1 

Leap Year Counter 

AM/PM Indicator (12-Hour Mode) 

12/24-Hour Select Bit 

X 

X 

1 

1 

0 Indicates a Leap Year 
0=AM 1=PM 

0 in 24-Hour Mode 

0 = 12-Hour Mode 

1 = 24-Hour Mode 

R/W 

R/W 

R/W 


TABLE IIB. INTERRUPT CONTROL REGISTER 


Function 

Comments 

Control Word 

DBS 

DB2 

DB1 


No Interrupt 

Interrupt output cleared, 
start/stop bit set to 1. 

X 

0 

0 

0 

0.1 Second 


0/1 

0 

0 

1 

0.5 Second 


0/1 

0 

1 

0 

1 Second 

DB3 = 0 for single interrupt 

0/1 

0 

1 

1 

5 Seconds 

0/1 

1 

0 

0 

10 Seconds 

DB3 = 1 for repeated interrupt 

0/1 

1 

0 

1 

30 Seconds 


0/1 

1 

1 

0 

60 Seconds 


0/1 

1 

1 

1 


Timing Accuracy: single interrupt mode (all time delays): ± 1 ms 
Repeated Mode: ±1 ms on initial timeout, thereafter synchronous 
with first interrupt (i.e., timing errors do not accumulate). 
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Functional Description (Continued) 


Control Register 

There are three registers which control different opera- 
tions of the clock: 

a) the clock setting register 

b) the interrupt register 

c) the control register. 

The clock setting and interrupt registers both reside at 
address 15, access to one or the other being controlled by 
the interrupt select bit; data bit 1 of the control register. 

The clock setting register programs the timekeeping of 
the clock. The 12/24-hour mode select and the AM/PM in- 
dicator for 12-hour mode occupy bits 0 and 1, respectively. 
Data bits 2 and 3 set the leap year counter. 

The interrupt register controls the operation of the inter- 
rupt timer, selecting the required delay period and either 
single or repeated interrupt. 

The control register is responsible for controlling the 
operations of the clock and supplying status information 
to the processor. It appears as two different registers; one 
with write only access and one with read only access. 

The write only register consists of a bank of four latches 
which control the internal processes of the clock. 

The read only register contains two output data latches 
which will supply status information for the processor. 
Table III shows the mapping of the various control latches 
and status flags in the control register. The control 
register is located at address 0. 

The write only portion of the control register contains four 
latches: 

A logic 1 written into the test bit puts the device into test 
mode. This allows setting of the oscillator frequency as well 
as rapid testing of the device registers, if required. A more 
complete description is given in the Test Mode section. For 
normal operation the test bit is loaded with logic 0. 

The clock start/stop bit stops the timekeeping of the clock 
and resets to 0 the tenths of seconds counter. The time of 
day may then be written into the various clock registers 
and the clock restarted synchronously with an external 
time source. Timekeeping is maintained thereafter. 

A logic 1 written to the start/stop bit halts clock timing. 
Timing is restarted when the start/stop bit is written with a 
logic 0. 

The interrupt select bit determines which of the two 
registers mapped onto address 15 will be accessed when 
this address is selected. 


A logic 0 in the interrupt select bit makes the clock setting 
register available to the processor. A logic 1 selects the in- 
terrupt register. 

The Interrupt start/stop bit controls the running of the in- 
terrupt timer. It is programmed in the same way as the 
clock start/stop bit; logic 1 to halt the interrupt and reset 
the timer, logic 0 to start Interrupt timing. 

When no interrupt is programmed (Interrupt control regis- 
ter set to 0), the Interrupt start/stop bit is automatically set 
to a logic 1. When any new interrupt is subsequently pro- 
grammed, timing will not commence until the start/stop 
bit is loaded with 0. 

In the single interrupt mode, Interrupt timing stops when a 
timeout occurs. The processor restarts timing by writing 
logic 0 into the start/stop bit. 

In repeated interrupt mode the interrupt timer continues to 
count with no intervention by the processor necessary. 

Interrupt timing may be stopped in either mode by writing 
a logic 1 into the interrupt start/stop bit. The timer is reset 
and can be restarted in the normal way, giving a full time 
delay period before the next interrupt. 

In general, the control register is set up such that writing 
O’s into it will start anything that is stopped, pull the clock 
out of test mode and select the clock setting register onto 
the bus. In other words, writing 0 will maintain normal 
clock operation and restart interrupt timing, etc. 

The read only portion of the control register has two status 
outputs: 

Since the MM58274 keeps real time, the time data 
changes asynchronously with the processor and this may 
occur while the processor is reading time data out of the 
clock. , 

Some method of warning the processor when the time 
data has changed must thus be included. This is provided 
for by the data-changed flag located in bit 3 of the control 
register. This flag is set by the clock setting pulse which 
also clocks the time registers. Testing this bit can tell the 
processor whether or not the time has changed. The flag is 
cleared by a read of the control register but not by any 
write operations. No other register read has any effect on 
the state of the data-changed flag. 

Data bit 0 is the interrupt flag. This flag is set whenever the 
interrupt timer times out, pulling the interrupt output low. 
In a polled interrupt routine the processor can test this 
flag to determine if the MM58274 was the interrupting 
device. This interrupt flag and the interrupt output are both 
cleared by a read of the control register. 



TABLE III. THE CONTROL REGISTER LAYOUT 


Access (addrO) 

DBS 

DB2 

DB1 

DBO 

Read From: 

Data-Changed Flag 

0 

0 

Interrupt Flag 

Write To: 

Test 

0 = Normal 

1 =Test Mode 

Clock start/stop 

0 = Clock Run 

1 = Clock Stop 

Interrupt Select 

0 = Clock Setting Register 
1 = Interrupt Register 

Interrupt Start/Stop 

0 = Interrupt Run 

1 = Interrupt Stop 
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Functional Description (Continued) 

Both of the flags and the interrupt output are reset by the 
trailing edge of the read strobe. The flag information is 
held latched during a control register read, guaranteeing 
that stable status information will always be read out by 
the processor. 

Interrupt timeout is detected and stored internally if it 
occurs during a read of the control register, the interrupt 
output will then go low only after the read has been 
completed. 

A clock setting pulse occurring during a control register 
read will not affect the data-changed flag since time data 
read out before or after the control read will not be af- 
fected by the time change. 

METHODS OF DEVICE OPERATION 
Test Mode ' 

National Semiconductor uses test mode for functionally 
testing the MM58274 after fabrication and again after 
packaging. Test mode can also be used to set up the 
oscillator frequency when the part is first commissioned. 

Figure 4 shows the internal clock connections when the 
device is written into test mode. The 32.768 kHz oscillator 
is gated onto the interrupt output to provide a buffered out- 
put for initial frequency setting. This signal is driven from 
a TRI-STATE® output buffer, enabling easy oscillator set- 
ting in systems where interrupt is not normally used and 
there is no external resistor on the pin. 

If an interrupt is programmed, the 32.768 kHz output is 
switched off to allow high speed testing of the interrupt 
timer. The interrupt output will then function as normal. 

The clock start/stop bit can be used to control the fast 
clocking of the time registers as shown in Figure 4. 

MM58274 Initialization 

When it is first installed and power is applied, the device 
will need to be properly initialized. The following operation 


steps are recommended when the device is set up (all 
numbers are decimal): 

1) Disable interrupt on the processor to allow oscillator 
setting. Write 1 5 into the control register: The dock and in- 
terrupt start/stop bits are set to 1, ensuring that the dock 
and interrupt timers are both haited. Test mode and the in- 
terrupt register are seiected. 

2) Write 0 to the interrupt register: Ensure that there are no 
interrupts programmed and that the osciiiator wiii be 
gated onto the interrupt output. 

3) Set oscillator frequency: Aii timing has been halted and 
the osciiiator is buffered out onto the interrupt line. 

4) Write 5 to the control register: The dock is now out of 
test mode but is stiii haited. The dock setting register is 
now seiected by the interrupt select bit. 

5) Set 12/24 Hours Mode: Write to the clock setting 
register to select the hours counting mode required. 

6) Load Real-Time Registers: All time registers (including 
Leap Years and AM/PM bit) may now be loaded in any 
order. Note that when writing to the clock setting register 
to set up Leap Years and AM/PM, the Hours Mode bit must 
not be altered from the value programmed in step 5. 

7) Write 0 to the control register: This operation finishes 
the clock initialization by starting the time. The final con- 
trol register write should be synchronized with an external 
time source. 

In general, timekeeping should be halted before the time 
data is altered in the clock. The data can, however, be 
altered at any time if so desired. Such may be the case if 
the user wishes to keep the clock corrected without hav- 
ing to stop and restart it; i.e., winter/summer time chang- 
ing can be accomplished without halting the clock. This 
can be done in software by sensing the state of the data- 
changed flag and only altering time data just after the time 
has rolled over (datarchanged flag set). 



FIGURE 4. Test Mode Organization 
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Functional Description (Continued) 


Reading the Time Registers 

Using the data-changed flag technique supports micro- 
processors with block move facilities, as all the necessary 
time data may be read sequentially and then tested for va- 
lidity as shown below. 

1) Read the control register, address 0: This is a dummy 
read to reset the data-changed fiag (DCF) prior to reading 
the time registers. 

I 2) Read Wme registers: All desired time registers are read 
' out in a block. 

3) Read the control register and test DCF: If DCF is cleared 
(logic 0), then no clock setting pulses have occurred since 
step 1. All time data is guaranteed good and time reading is 
complete. 

If DCF is set (logic 1), then a time change has occurred 
since step 1 and time data may not be consistent. Repeat 
steps 2 and 3 until DCF is clear. The control read of step 3 
will have reset DCF, automatically repeating the step 1 
action. 

Interrupt Programming 

The interrupt timer generates interrupts at time intervals 
which are programmed into the interrupt register. A single 
interrupt after delay or repeated interrupts may be pro- 
grammed. Table IIB lists the different time delays and the 
data words that select them in the interrupt register. 

Once the interrupt register has been used to set up the de- 
lay time and to select for single or repeat, it takes no further 
part in the workings of the interrupt system. All activity by 
the processor then takes place in the control register. 

Initializing: 

1) Write 3 to the control register (ADO): Clock timing con- 
tinues, interrupt register selected and interrupt timing 
stopped. 

2) Write interrupt control word to address 15: The Inter- 
rupt register is loaded with the correct word (chosen from 
Table IIB) for the time delay required and for single or 
repeated interrupts. 

3) Write 0 or 2 to the control register: Interrupt timing com- 
mences. Writing 0 selects the clock setting register onto 
the data bus; writing 2 leaves the interrupt register 
selected. Normal timekeeping remains unaffected. 

On Interrupt: 

Read the control register and test for Interrupt Flag (bit 0). 

If the flag is cleared (logic 0), then the device is not the 
source of the interrupt. 

If the flag is set (logic 1), then the clock did generate an inter- 
rupt. The flag is reset and the interrupt output is cleared by 
the control register read that was used to test for interrupt. 


Single Interrupt Mode: 

When appropriate, write 0 or 2 to the control register to 
restart the interrupt timer. 

Repeated Interrupt Mode: 

Timing continues, synchronized with the control register 
write which originally started interrupt timing. No further 
intervention is necessary from the processor to maintain 
timing. 

In either mode interrupt timing can be stopped by writing 1 
into the control register (interrupt start/stop set to 1). Tim- 
ing for the full delay period recommences when the inter- 
rupt start/stop bit is again loaded with 0 as normal. 

IMPORTANT NOTE: Using the interrupt timer places a 
constraint on the maximum Read Strobe width which may 
be applied to the clock. Normally all registers may be read 
from with a tpw down to DC (i.e., CS and RD held con- 
tinuously low). When the interrupt timer is active however, 
the maximum read strobe width that can be applied to the 
control register (Addr 0) is 30 ms. 

This, restriction is to allow the interrupt timer to properly 
reset when it times out. Note that it only affects reading of 
the control register— all other addresses in the clock may 
be accessed with DC read strobes, regardless of the state 
of the interrupt timer. Writes to any address are unaffected. 



NOTES ON AC TIMING REQUIREMENTS 

Although Figures 5 and 6 show MICROBUS control signals 
used for clock access, this does not preclude the use of the 
MM58274 in other non-MICROBUS systems. Figure 7 is a 
simplified logic diagram showing how the control signals 
are gated internally to control access_^the clock registers. 
From this diagram it is clear that CS could be used to 
generate the internal data transfer strobes, with RD and WR 
inputs set up first. This situation is illustrated in Figure 8. 

The internal data busses of the MM58274 are fully CMOS, 
contributing to the flexibility of the control inputs. When 
determining the suitability of any given control signal pat- 
tern forthe MM58274, the timing specifications in Tables IV 
and V should be examined. As long as these timings are 
met (or exceeded) the MM58274 will function correctly. 

When the MM58274 is connected to the system via a pe- 
ripheral port, the freedom from timing constraints allows 
for very simple control signal generation, as in Figure 9. 
For reading (Figure 9a), Address, CS and RD may be ac- 
tivated simultaneously and the data will be available at 
the port after tAo-nriax (700 ns). For writing (Figure 9b), tjie 
Address and data may be applied simultaneously and CS 
and WR strobed together. 
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Functional Description (Continued) 

TABLE IV. READ TIMING: DATA FROM PERIPHERAL TO MICROPROCESSOR Vdq = 5V ± 0.5V, Cl= 100 pF 


Symbol 

Parameter 

Commercial 

Specification 

Military 

Specification 

Units 


TA-55°Cto ■H25'’C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ud 

Address Bus Valid to Data 

Valid 


550 

700 


550 

775 

ns 

tcSD 

Chip Select On to Data 

Valid 

n 

250 

375 

H 

250 

425 

ns 

Ird 

Read Strobe On to Data 

Valid 


250 

375 

IB 

250 

425 

ns 

Irw 

Read Strobe Width (Note 1) 



DC 



DC 


Ira 

Address Bus Hoid Time 
from Trailing Edge of 

Read Strobe 

0 

■ 

■ 

0 

■ 

■ 

ns 

t.CSH 

Chip Select Hold Time 
from Trailing Edge of 

Read Strobe 

0 

■ 

■ 

0- 

■ 

■ 

ns 

Irh 

Data Hold Time from 

Trailing Edge of Read 

Strobe 

50 

80 

150 

50 

80 

200 

ns 

tHZ 

Time from Trailing Edge of 

Read Strobe Until 0/P 

Drivers are TRI-STATE 

50 

80 

200 

50 

80 

250 

ns 


TABLE V. WRITE TIMING: DATA FROM MICROPROCESSOR TO PERIPHERAL Vqd = 5V ± 0.5V 


Symbol 

Parameter 

Commercial 

Specification 

Military 

Specification 

Units 

Ta= -40*Cto TSS^C 


Min 

Typ 

Max 

Min 

Typ 

Max 1 

Iaw 

Address Bus Valid to Write 

Strobe ./"(Note 2) 

650 

i 


750 


■ 

ns 

Icsw 

Chip Select On to Write 

Strobe./" 

350 



450 



ns 

tow 

Data Bus Valid to Write 

Strobe 

350 



450 



ns 

tww 

Write Strobe Width 

350 



450 



ns 

^ twcs 

Chip Select Hold Time 

Following Write Strobe 

0 



0 



ns 

IwA 

Address Bus Hold Time 

Following Write Strobe _/■ 

50 



80 



ns 

IWD 

Data Bus Hold Time 

Following Write Strobe 

50 



80 



ns 


Note 1: Except for special case restriction: with interrupts programmed, max read strobe width of control register(ADDR 0) is 30 ms. 
See section on Interrupt Programming. 

Note 2; All timings measured to the trailing edge of write strobe (data latched by the trailing edge of WR). 


Z>| 

r -■ 

ADDRESS VALID 

\ 



H Icso H 

I 

l-*— I ra— • 




tp 

iw ^ 

ICSH ► ^ 


•• IRO ► 

s 

/ 



N 

1 



-S 

DATA VALID ^ 

TL/B/5602-5 


FIGURE 5. Read Cycle Timing 
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Functional Description (Continued) 


ADDRESS VALID 
— tcsw 


- low -•two*' 

DATA VALID 


FIGURE 6. Write Cycle Timing 


ADDRESS BUS 



FIGURE 7. MM58274 Microprocessor Interface Diagram 


READ ACCESS CYCLE Y WRITE ACCESS CYCLE 


FIGURE 8. Valid MM58274 Control Signals 
Using Chip Select Generated Access Strobes 
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Functional Description (Continued) 


ADDRESS 

BUS 



ADDRESS 1 



ADDRESS 2 




RD 



DATA 

BUS 



a. Port Generated Read Access— 2 Addresses Read Out 


ADDRESS 

BUS 



ADDRESS 1 


X 


ADDRESS 2 


X 


v_y \ f 


DATA 

BUS 


< 


WRITE DATA 1 



WRITE DATA 2 



TL/F/5602-12 


b. Port Generated Write Access— 2 Addresses Written To 

FIGURE 9. Simple Port Generated Control Signals 
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Functional Description (Continued) , 

APPLICATION NOTES 
Time Reading Using Interrupt 

In systems such as point of sale terminals and data log- 
gers, time reading is usually only required on a random de- 
mand basis. Using the data-changed flag as outlined in 
the section on methods of operation is ideal for this type 
of system. Some systems, however, need to sense a 
change in real time; e.g., industrial timers/process con- 
trollers, TV/VCR clocks, any system where real time is 
displayed. 

The interrupt timer on the MM58274 can generate inter- 
rupts synchronously with the time registers changing, 
using software to provide the initial synchronization. 

In single interrupt mode the processor is responsible for 
initiating each timing cycle and the timed period is ac- 
curate to ± 1 ms. 

In repeated interrupt mode the period from the initial proces- 
sor start to the first timeout is also only accurate to ± 1 ms. 
The following interrupts maintain accurate delay periods 
relative to the first timeout. Thus, to utilize interrupt to con- 
trol time reading, we will use repeated interrupt mode. 

In repeated mode the time period between interrupts is ex- 
act, which means that timeouts will always occur at the 
same point relative to the internal clock setting pulses. The 
case for 0.1s interrupts is shown in Figure A-1. The same is 
true for other delay periods, only there will be more clock 
setting pulses between each interrupt timeout. If we set up 
the interrupt timer so that interrupt always times out just 
after the clock setting pulse occurs (Figure A-2), then there 
is no need to test the data-changed flag as we know that the 
time data has just changed and will not alter again for 
another 100 ms. 

This can be achieved as outlined below: 

1) Follow steps 1 and 2 of the section on interrupt pro- 
gramming. In step 2 set up for repeated interrupt. 


2) Read control register ADO: This Is a dummy read to 
reset the data-changed fiag. 

3) Read control register ADO until data-changed flag is 
set. 

4) Write 0 or 2 to control register. Interrupt timing 
commences. 

Time Reading with Very Slow Read Cycles 

If a system takes longer than 100 ms to complete reading 
of all the necessary time registers (e.g., when CMOS proc- 
essors are used or where high level interpreted language 
routines are used, then the data-changed flag will always 
be set when tested and is of no value. In this case, the time 
registers themselves must be tested to ensure data 
accuracy. 

The technique below will detect both time changing 
between read strobes (i.e., between reading tens of 
minutes and units of hours) and also time changing during 
read, which can produce invalid data. 

1) Read and store the value of the iowest order time 
register required. 

2) Read out all the time registers required. The registers 
may be read out in any order, simplifying software 
requirements. 

3) Read the lowest order register and compare it with the 
value stored previously in step 1. if it is still the same, then 
all time data is good. If it has changed, then store the new 
value and go back to step 2. 

In general, the rule is that the first and last reads must both 
be of the lowest order time register. These two values can 
then be compared to ensure that no change has occurred. 
This technique works because for any higher order time 
register to change, all the lower order registers must also 
change. If the lowest order register does not change, then 
no higher order register has changed either. 


INTERNAL 

CLOCK 

SETTING 

PULSES 


INTERRUPT 

0/P 



INTERRUPT 

SERVICED 


INTERRUPT 

SERVICED 


FIGURE A-1. Time Delay from Clock Setting Pulses to Interrupt is Constant 



FIGURE A-2. Interrupt Timer Synchronized with Clock Setting Pulses 
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MM74HC942 



National 

Semiconductor 


MM74HC942 300 Baud Modem 


PRELIMINARY 



microCMOS 


General Description 

The MM74HC942 is a full duplex low speed modem. It pro- 
vides a 300 baud bidirectional series interface for data com- 
munication over telephone lines and other narrow band- 
width channels. It is Bell 103 compatible. 

The MM74HC942 utilizes microCMOS Technology, 2 layers 
of polysilicon and 1 layer of metal P-well CMOS. Switched 
capacitor techniques are used to perform analog signal 
processing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec- 
tion to a 600 n phone line. They can perform two to four 
wire conversion and drive the line at 0 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 


Features 

■ Drives 6000 at 0 dBm 
.■ All filters on chip 

■ Transmit level adjustment compatible with universal 
service order code 

■ TTL and CMOS compatible logic 

■ All inputs protected against static damage 

■ ±5V supplies 

■ Low power consumption 

■ Full duplex answer or originate operation 

■ Analog loopback for self test 

■ Power down mode 

Applications 

■ Built-in low speed modems 

■ Remote data collection 

■ Radio telemetry 

■ Credit verification 

■ Stand-alone modems 

■ Point-of-sale terminals 

■ Tone signalling systems 

■ Remote process control 


Connection Diagram 


Dual-ln-Llne Package 



Order Number MM74HC942J or MM74HC942N 
See NS Package J20 or N20A 


Block Diagram 

Vcc GND VBB XTALS XTAID 



■ 0/X 

•TXO 


CDA COT FTIC 

TL/F/5348-2 
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Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) -0.5to+7.0V 

Supply Voltage (Vbb) + 0.5 to - 7.0V 

DC Input Voltage (V|n) Vbb - 1-5 to Vcc + 1-5V 

DC Output Voltage (Vqijt) Vbb ~ 0-5 to ^cc 0.5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Icc) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T J (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 4.5 

Supply Voltage(VBB) -4.5 

DC Input or Output Voltage 0 

(Vin.Vout) 

Operating Temperature Range(TA) 
MM74HC . -40 

Input Rise or Fall Times 

(tr. tt) 

Crystal frequency 


DC Electrical Characteristics 


Symbol 

Parameter 

V|H 

Minimum High Level 

Input Voltage 

V|L 

Maximum Low Level 

Input Voltage 

Vqh 

Minimum High Level 

Output Voltage 

Vql 

Maximum Low Level 

Voltage 

■in 

Maximum Input 

Current 

Icc 

Maximum Quiescent 

Supply Current 

Icc 

Power Down Supply Current 



V|N = V|HorViL 
|IoutI = 20 /xA 
|IoutI=4.0 mA,Vcc = 4.5V 


V|N = ViHorV|L 

|IoutI = 20 fxA 

|IoutI = 4.0 mA, Vcc = 4.5V 


V|N = Vcc or GND 


ViN=Vcc. V|l=gnd 
ALB orSQT=GND 
Transmit Level = -9 dBm 


ALB = SOT = Vcc 
V|H = Vcc. Vil=GND 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

' Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package; -12 mW/°C from 65°C to 85°C; ceramic "J” package: -12 mW/°C from 
lOO'C to 125°C. 

'The demodulator specifications apply to the MM74HC942 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the MM74HC942 modulator. 
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AC Electrical Characteristics 

Unless othenwise specified all specifications apply to the MM74HC942 over the range -40°C to -l-85°C using a Vcc = +5V 
±10%, a Vbb = -5V +10% and a 3.579MHz ±0.1% crystal.* 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

TRANSMITTER 

Fce 

Carrier Frequency Error 




4 

Hz 


Power Output 

Vcc = 5.0V Rtla = 0 

RL=i.2kft Rtla ~ °° 


0 

-12 


dBm 

dBm 


2nd Harmonic Energy 



-56 


dBm 

RECEIVE FILTER AND HYBRID 


Hybrid Input Impedance 
(Pins 15 and 16) 


50 



kn 


FTLC Output Impedance 


10 


50 

kfl 


Adjacent Channel Rejection 

RXA2 = GND TXA=GNDorVcc 
Input to RXA1 

60 



dB 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 


Carrier Amplitude 


-48 


-12 

dBm 


Dynamic Range 



36 


dB 


Bit Jitter 

SNR = 30 dB "1 

Input = -38 dBm ?- 

Baud Rate = 300 Baud J 


100 


p.S 


Bit Bias 



5 


% 


Carrier Detect Trip Points 

CDA=1.2VOfftoOn 

On to Off 


-44 

-47 

■ 

dBm 

dBm 

AC Specification Circuit 

SUPPLIES Vcc=+5V 

Vbb=-5V 

3.5795 MHz ± 0.1% 

1 — — 1 


• 

RTLA 

( 

« 

< 

TEST 

OUTPUT 

600 

■ 

TLA 

TXA 

RXA2 

TXO 

MM74HCg42 

RXD 

RXA1 

COT CDA FTLC 

< DATA INPUT 

— ► DATA OUTPUT 

1 ^wv ^ 

TEST ^ 



1 I 1 
T T T 

0.1 mF 
±10% 

TL/F/5348-3 
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Description of Pin Functions 


Name Function 


5 RXD 

6 Vcc 


8 XTALD 


9 XTALS 

10 FTLC 


Driver Summing Input: This may be used to 
transmit externally generated tones such as 
dual tone multifrequency (DTMF) dialing sig- 
nals. 

Analog Loop Back: A logic high on this pin. 
causes the modulator output to be connect- 
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SQT are 
simultaneously held high the chip powers 
down. 

Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

Carrier Detect Timing: A capacitor on this 
pin sets the time interval Uiat the carrier 
must be present before the CD goes low. 
Received Data: This is the data outpin pin. 
Positive Supply Pin: A -I- 5V supply is recom- 
mended. 

Carrier Detect Adjust: This is used for ad- 
justment of the carrier detect threshold. Car- 
rier detect hysteresis is set at 3 dB. 

Crystal Drive: XTALD and XTALS connect 
to a 3.5795 MHz crystal to generate a crys- 
tal locked clock for the chip. If an external 
circuit requires this clock XTALD should be 
sensed. If a suitable clock is already avail- 
able in the system, XTALD can be driven. 
Crystal Sense: Refer to pin 8 for details. 
Filter Test/Limiter Capacitor: This is con- 
nected to a high impedance output of the 
receive filter. It may thus be used to evalu- 


ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 )j,F bypass capacitor. 

11 TXD Transmitted Data: This is the data input. 

12 Vbb Negative Supply: The recommended supply 

is -5V. 

13 O/A Originate/ Answer mode select: When logic 

high this pin selects the originate mode of 
operation. 

14 SQT Squelch Transmitter: This disables the mod- 

ulator when held high. The EXI input re- 
mains active. If SQT and ALB are simulta- 
neously held high the chip powers down. 

15 RXA2 Receive Analog #2: RXA2 and RXA1 are 

analog inputs. When connected as recom- 
mended they produce a 600 n hybrid. 

16 RXA1 Receive Analog #1: See RXA2 for details. 

17 TXA Transmit Analog: This is the output of the 

line driver. 

18 EXI External Input: This is a high impedance in- 

put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded. 

19 GND Ground: This defines the chip OV. 

20 TLA Transmit Level Adjust: A resistor from this 

pin to Vcc sets the transmit level. 


16 RXA1 

17 TXA 


Functional Description 

INTRODUCTION 

A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC942 uses frequency shift keying (FSK) of an audio 
frequency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan- 
nels. The MM74HC942 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC942 is capable of transmit- 
ting and receiving data simultaneously. 

The tone allocation by the MM74HC942 and other Bell 103 
compatible modems is shown in Table I. The terms "origi- 
nate” and “answer” which define the frequency allocation 
come from use with telephones. The modem on the end of 
the line which initiates the call is called the originate mo- 
dem. The other modem is the answer modem. 

TABLE I BELL 103 ALLOCATION 


Ddto 

Originate Modem { 

Answer Modem 


Transmit 

Receive 

Transmit 

Receive 

Space 

1070Hz 

2025Hz 

2025Hz 

1070Hz 

Mark 

1270Hz 

2225Hz 

2225Hz 

1270Hz 


THE LINE INTERFACE 

The line interface section performs two to four wire conver- 
sion and provides impedance matching between the mo- 
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har- 
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit- 
ted and received signals. The hybrid subtracts the transmit- 
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im- 
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 
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Functional Description (Continued) 

THE DEMODULATOR SECTION 
The Receive Filter 

The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switched capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60 Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 p,F capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier Js lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. Thejrequency produces\one of four 
tones depending on the 0/A and TXD pins. The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used re- 
spond quickly to data changes, introducing negligible bit jit- 
ter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
“look up” the voltages of the sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 

TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the load and source impedances. 
The transmit level is programmable by placing a resistor 


from TLA to VCC. With a 5.5k resistor the line driver trans- 
mits a maximum of -9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the “permissive arrangement”. The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

SNR can be maximized by adjusting the transmit level until 
the level at the exchange reaches -12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installation 
and is often included in the telephone jack at the installa- 
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro- 
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table II. 


TABLE II Universal Service Order Code Resistor Values 


Line 

Loss 

(dB) 

Transmit 

Level 

(dBm) 

Programming 
Resistor (Rtla) 
(Ohms) 

0 

-12 

Open 

1 . 

-11 

19,800 

2 

-10 

9,200 

3 

-9 

5,490 

4 

-8 

3,610 

5 

-7 

2,520 

6 

-6 

1,780 

7 

-5 

1,240 

8 

-4 

866 

9 

-3 

562 

10 

-2 

336 

11 

-1 

150 

12 

0 

0 


CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kO. 
By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

VcDA = 244 X Von 
VCDA = 345 X VoFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equa- 
tions are: 

Tcdl = 6.4xCcdt for CD going low 
Tcdh = 0-54xCcdt for CD going high 
Where Tgoi & Tcdh 'o seconds, and Ccdt is in jaF. 
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Applications Information (Continued) 

DESIGN PRECAUTIONS 

Power supplies ta digital systems may contain high ampli- 
tude spikes and other noise. To optimize performance of the 
MM74HC942 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 


Power supply decoupling close to the device is recommend- 
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 


Interface Circuits for MM74HC942 300 Baud Modem 

2 WIBE CONNECTION 


4 WIBE CONNECTION 




CcoT arid Rtla should be chosen to suit the application. See the Applications Information for more details. 



Complete Acoustically Coupled 300 Baud Modem 
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MI\/I74HC943 


National 

Semiconductor 


MM74HC943 300 Baud Modem 


PRELIMINARY 


microCMOS 


General Description 

The MM74HC943 is a full duplex low speed modem. It pro- 
vides a 300 baud bidirectional serial interface for data com- 
munication over telephone lines and other narrow band- 
width channels. It is Bell 103 compatible. 

The MM74HC943 utilizes microCMOS Technology, 2 layers 
of polysilicon and 1 layer metal P-well CMOS. Switched ca- 
pacitor techniques are used to peform analog signal proc- 
essing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec- 
tion to a 600n phone line. They can perform two to four wire 
conversion and drive the line at -9 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

Connection Diagram 

Dual-ln-Llne Package 


Features 

■ 5V supply 

■ Drives 600n at -9 dBm 

■ All filters on chip 

■ Transmit level adjustment compatible with universal 
service order code 

■ TTL and CMOS compatible logic 

■ All inputs protected against static damage 

■ Low power consumption 

■ Full duplex answer or originate operation 

■ Analog loopback for self test 

■ Power down mode 

Appiications 

■ Built-in low speed modems 

■ Remote data collection 

■ Radio telemetry 
B Credit verification 

B Stand-alone modems 
B Point-of-sale terminals 
B Tone signaling systems 
B Remote process control 


Block Diagram 



^ 20 

— TLA 

2 

19 

— GNOA 

3 

18 

— EXI 

4 

17 

— TXA 

S 

. 16 

— RXA1 

6 

15 

— RXA2 

7 

14 

— SOT 

8 

13 

— 0/S 

9 

12 

— GND 

10 

11 

— TXD‘ 


TOP VIEW 

MM74HC943 


Order Number MM74HC943J or MM74HC943N 
See NS Package J20A or N20A 





CDA COT FTLC 

TL/F/5349-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) ~0.5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc:+' 1-5V 

DC Output Voltage (Vout) - 0.5 to Vcc + 0.5V 

Clamp Diode Current (I|k, Iqk) ±20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc Of GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pc) (Note 3) ' 500 mW 

Lead T emperature (T l) (Soldering 1 0 seconds) 260°C 


Operating Conditions 

Min Max Units 

Supply Voltage(Vcc) 4.5 5.5 V 

DC Input or Output Voltage 0 Vcc V 

(Vin.Vqut) 

Operating Temperature Range(TA) 

MM74HC -40 +85' "C 

Input Rise or Fall Times 

(tf, tf) 500 ns 

Crystal frequency 3.579 MHz 


DC Electrical Characteristics 

Vcc=5V ±10% (unless otherwise specified) 


— 

Symbol 

Parameter 

Conditions 

Ta = 25“C 

74HC 

Ta=-40 to 85°C 

1 

Units 

Typ 

Guaranteed Limits 

V|H 

Minimum High Level 

Input Voltage 


■ 

3.15 

3.15 

V 

V|L 

Maximum Low Level 

Input Voltage 


■ 

1.1 

1.1 

V 

Vqh 

Minimum High Level 

Output Voltage 

ViN = V|HorV|L 
|IoutI = 20 /iA 

1 IqLItI = 4.0 mA, Vcc = 4.5V 

Vcc 

Vcc ~ 0.1 
3.84 

Vcc ~ 0.1 

3.7 

> > 

VqL 

Maximum Low Level 

Voltage 

V|N = V|HOrViu 

110011 = 20 fiA 

IIqutI = 4.0 mA, Vcc = 4.5V 

■ 

0.1 

0.33 

0.1 

0.4 

V 

V 

l|N 

Maximum Input 

Current 

V|N = Vcc Of GND 

■ 

±0.1 

±1.0 

jiA 

Icc 

Maximum Quiescent 

Supply Current 

ViH = VcC. V|l = GND 

ALB orSQT = GND 

T ransmit Level = - 9 dBm 

8.0 



mA 

Icc 

Power Down Supply Current 

ALB = SQT = Vcc 

V|H = VCC> V|l=GND 

■ 


250 

JU.A 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified ail voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package; -12 mW/°C from SS'C to 85°C; 
100°C to 125°C. 

‘The demodulator specifications appiy to the MM74HC943 operating with a modulator having frequency accuracy, 
better than the MM74HC943 modulator. 


ceramic "J" package: -12 mW/°C from 
phase jitter and harmonic content equal to or 
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AC Electrical Characteristics 

Unless otherwise specified all specifications apply to the MM74HC943 over the range -40°C to +85°C using a Vcc +5V 
±10%, and a 3.579 MHz ±0.1% crystal.* 


Symbol 


TRANSMITTER 


Conditions 


Min Typ Max Units 




Carrier Frequency Error 


Power Output 


2nd Harmonic Energy 


RECEIVE FILTER AND HYBRID 


Hybrid Input Impedance 
(Pins 15 and 16) 


FTLC Output Impedance 


Adjacent Channel Rejection RXA2 = GNDA, TXD=GNDorVcc 

Input to RXA1 


DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 


Carrier Amplitude 


Dynamic Range 


Bit Bias 


Carrier Detect Trip Points 


-12 dBm 


dB 



AC Specification Circuit 

SUPPLIES Vcc =+5V 


3.5795 MHz ± 0.1% 

.n. 



TXD M— DATA INPUT 


RXD I— ► DATA OUTPUT 
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Description of Pin Functions 


Pin 

No. 


Name 


Function 


2 


3 


4 


5 

6 

7 


8 


9 

10 


DSI Driver Summing Input: This input may be 
used to transmit externally generated tones 
such as dual tone multifrequency (DTMF) di- 
aling signals. 

ALB Analog Loop Back: A logic high on this pin 
causes the modulatpr output to be connect- 
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SQT are 
simultaneously held high the chip powers 
down. 

CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

CDT Carrier Detect Timing: A capacitor on this 
pin sets the time interval tjut the carrier 
must be present before the CD goes low. 

RXD Received Data: This is the data output pin. 

Vcc Positive Supply Pin: A + SV supply is recom- 

mended. 

CDA Carrier Detect Adjust: This is used for ad- 
justment of the carrier detect threshold. Car- 
rier detect hysteresis is set at 3 dB. 

XTALD Crystal Drive: XTALD and XTALS connect 
to a 3.5795 MHz crystal to generate a crys- 
tal locked clock for the chip. If an external 
circuit requires this clock XTALD should be 
sensed. If a suitable clock is already avail- 
able in the system. XTALD can be driven. 

XTALS Crystal Sense: Refer to pin 8 for details. 

FTLC Filter Test/Limiter Capacitor: This is con- 
nected to a high impedance output of the 
receiver filter. It may thus be used to evalu- 


11 

12 

13 


14 


15 

16 

17 

18 


19 

20 


ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 ;aF bypass capacitor. 

TXD Transmitted Data: This is the data input. 

GND Ground: This defines the chip OV. 

0/A Originate/Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

SQT Squelch T ransmitter: This disables the mod- 

ulator when held high. The EXI input re- 
mains active. If SQT and ALB are simulta- 
neously held high the chip powers down. 

RXA2 Receive Analog #2: RXA2 and RXA1 are 
analog inputs. When connected as recom- 
mended they produce a 600fl hybrid. 

RXA1 Receive Analog #1: See RXA2 for details. 

TXA Transmit Analog: This is the output of the 
line driver. 

EXI External Input: This is a high impedance in- 
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded to GNDA. 

GNDA Analog Ground: Analog signals within the 
chip are referred to this pin. 

TLA Transmit Level Adjust: A resistor from this 
pin to Vcc sets the transmit level. 


Functional Description 

INTRODUCTION 

A modem is a device fqr transmitting and 'receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC943 uses frequency shift keying (FSK) of audio fre- 
quency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan- 
nels. The MM74HC943 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC943 is capable of transmit- 
ting and receiving data simultaneously. 

The tone allocation used by the MM74HC943 and other Bell 
103 compatible modems is shown in Table I. The terms 
“originate” and “answer" which define the frequency allo- 
cation come from use with telephones. The modem on the 
end of the line which initiates the call is called the originate 
modem. The other modem is the answer modem. 


TABLE I. Bell 103 Tone Allocation 


Data 

Originate Modem 

Answer Modem | 

Transmit 

Receive 

Transmit 

Receive 

Space 

1070Hz 

2025Hz 

2025Hz 

1070Hz 

Mark 

1270Hz 

2225Hz 

2225Hz 

1270Hz 


THE LINE INTERFACE 

The line interface section performs two to four wire conver- 
sion and provides impedance matching between the mo- 
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har- 
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit- 
ted and received signals. The hybrid subtracts the transmit- 
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rprely happens because telephone line characteristic im- 
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 
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Functional Description (Continued) • 

THE DEMODULATOR SECTION 
The Receive Filter 

The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
lirtiiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ju,F capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency ^nthesizer produces 
one of four tones depending on the 0/A and TXD pins. The 
frequencies are synthesized to high precision using a crystal 
oscillator and variable dual modulus counter. 

The counters used respond quickly to data changes, introduc- 
ing negligible bit jitter while maintaining phase coherence. 
The sine wave synthesizer uses switched capacitors to 
“look up” the voltages of |he sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 

TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is haif the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the ioad and source inpedances. 
The transmit level is programmable by placing a resistor 


from TLA to Vcc- With a 5.5k resistor the line driver trans- 
mits a maximum of -9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the “permissive arrangement”. The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 


TABLE II. Universal Service Order Code Resistor Values 


Line 

Loss 

(dB) 

Transmit 

Level 

(dBm) 

Programming 
Resistor (Rtla) 

(D) 

0 

-12 

0^)en 

1 

-11 

19,800 

2 

-10 

9,200 

3 

-9 

5,490 


CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominai Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kfl. 
By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

VCDA= 244 X Vqn 
VcDA= 345 X VoFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equa- 
tions are: 

Tcdl — 6.4 X Ccdt for ^ going low 
TCdh = 0.54 X Ccdt for CD going high 
Where Tcdl & Tcdh are in seconds, and Ccdt 's in juF. 

DESIGN PRECAUTIONS 

Power supplies to digital systems may contain high ampli- 
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling ciose to the device is recommend- 
ed. Ground ioops should be avoided. For further discussion 
of these subjects see the Audio/ Radio Handbook published 
by National Semiconductor Corporation. 
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Applications Information (Continued) 


Interface Circuits for MM74HC943 300 Baud Modem 


I 1 


I 1 




I I 


T0,.F 

XTALD XTALS 


V CNDA — > 

■=“ 

,-,-11— 

EXI 



TLA 

irm 

J'"' 

, DATA 

4 

AID 

COT CDA FTLC 

, DATA 

OUTPUT 


MMMHC94] I e HTLA 


COMMUNICATION 

Q*,. I CHANNa I - ^ CATA 

► Q TpyT OH * ”0 — ► OUTPUT 

COT COA FILC L J COT C» FTLC 

j- T"'t„' t“ t’'"! 

TL/F/5349-4 

CcDT and Rtla Should be chosen to suit the application. See the Applications Information for more details. TL/F/5349-5 


Complete Acoustically Coupled 300 Baud Modem 


> 2.Zk _ 0.1 (iF 


+ 5V 

„ . ^ 3.58 MHz 

Vcc 

GND XTALS XTALD 

TLA 


DSI 

SQT 

TXA 


EXI 

ALB 

RXA1 

MM74HC943 


TXD 


RXD 

FTLC 


GNDA 

COT CDA 


TRANSMITTED 

’data 


> 2.2K 0.1 mF 1“ 100 I j -1 

•i Jr i “^ i.OuF 

Note: The efficiency of the acoustic coupling will set the values of R1 and R2. 


1.0 uF 0.1 uF / 
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PERFORMANCE OF THE TRADITIONAL RC INTEGRATOR 

The performance of the traditional RC integrator— basic to 
this active filter (Figure -#-2a)— depends on both initial 
tolerances and the temperature drifts of the R and C values. 

The idea of the switched-capacitor filter is to replace the R 
with a small-valued capacitor that repeatedly picks up an 
input charge and then dumps this charge into the sum- 
ming junction of the op amp, as shown in Figure 4-2b. 

The significant result is that labor-intensive tuning, or ad- 
justment, of the component values that was needed with 
the RC active filter is no longer needed to obtain a desired 
filter characteristic. Performance now depends only on a 
well-controlled on-chip capacitor ratio and the frequency 
of an external clock. The repeatability and predictability of 
this low-cost, switched-capacitor CMOS filter is a key 
advantage. 



Introduction 

One of the most exciting new linear 1C product families is 
the switched-capacitor filter building block circuits. These 
are examples of the use of switches to solve the filter prob- 
lem— a departure from the traditional continuous analog 
solution (the RC active filter) to a new sampled-data 
approach. i 

Various realization schemes have used the interconnec- 
tion of three op amps to form a basic resonator for a filter 
as shown in Figure 4-1. 

These are called biquad and state variable RC active filters. 
This relatively large number of op amps reduces the de- 
pendency of the filter characteristics on the performance 
tolerances of both the active and the passive components. 
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A GENERAL PURPOSE SWITCH ED CAPACITOR 
BUILDING BLOCK 

A block diagram of the MF10 switched-capacitor building 
block that uses these concepts is shown in Figure 4-3.T\no 
independent, second-order filter sections are available in 
this dual IC product. This particular basic interconnection 
is very fiexible and allows all of the standard filter types 
(high pass, iow pass, bandpass, notch, and all pass) to be 
easily realized. 


A newer product, the MF5, that consists of one-half of the 
MF10, is also available. A spare CMOS op amp is part of 
the MF5, and fits in a standard 8-pin miniDIP package. 

SPECIAL PRODUCTS FOR THE LOW PASS FUNCTION 

In addition to the general purpose building block filters, ac- 
tive simulations of Butterworth low pass ladder filters 
(Figure 4-4a) are available, as well as 6th-order (Figure 4-4b) 
and 4th-order versions. 



FIGURE 4-3. The Functional Diagram of the MF10 Switched-Capacitor Filter Building Block IC 



a) The Basic Low Pass Ladder 



FIGURE 4-4. The Classic Low Pass Ladder Filter and the Electronic Simulation 




National 

Semiconductor 


PRELIMINARY 


MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 


General Description 

The MF4 is a versatile, easy to use, precision 4th order 
Butterworth lowpass active fiiter. Switched capacitor tech- 
niques eliminate external component requirements and al- 
low a clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internaily set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
aione applications, or for tighter cutoff frequency control, a 
TTL or CMOS logic compatible clock can be directly ap- 
plied. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF4 sec- 
tions for higher order filtering. 


Features 

■ Low Cost 

■ Easy to use 

■ No external components 

■ 8-pin mini-DIP 

■ Cutoff frequency accuracy of ±0.3% 

■ Cutoff frequency range of 0.1 Hz to 20 kHz 

■ 5V to 14V operation 

■ Cutoff frequency set by external or internal clock 


Block and Connection Diagrams 


FILTER 

OUT 



Dual-ln-Llne Package 



FILTER 

IN 


FILTER 

OUT 


TL/H/5064-2 


Order Number MF4CN 
See NS Package NOSE 
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Absolute Maximum Ratings 

Supply Voltage 14V 

Power Dissipation 500 mW 

Operating Temperature 0°C to 70°C(MF4CN) 

Electrical Characteristics (Note?) 


Storage Temperature 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 300°C 


Parameter 

Conditions 

Typ 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

V+=5V,V- = -5V 






Cutoff Frequency Range (fc) 

MF4-50 




Hz (min) 

(Note 1) 





Hz (max) 


MF4-100 




Hz (min) 





10k 

Hz (max) 

Supply Current 

fCLK = 250kHz 

2.5 

3.5 


mA (max) 

• Clock Feedthrough 

Ta=25'’C 

25 



mV 

(Peak-to-Peak) 

Filter Output 






fcLK^250 kHz (Note 3) 


DC Gain (Hq) 

FlsOURCE^2kn 

1 

0.0 

±0.15 


dB (max) 

Clock to Cutoff Frequency 

Ta = 25°C 





Ratio (fcLk/fc) 

MF4-50 

49.98 ±0.3% 

49.98 ±0.8% 

49.98 ±0.6% 

(max) 


MF4-100 




(max) 

fcLK^fc Temperature 

MF4-50 

±15 



ppm/°C 

Coefficient 

MF4-100 




ppm/°C 

Stopband Attenuation 

At2fc 

-25.0 

-24.0 


dB (min) 

DC Offset Voltage 

MF4-50 

-200 



mV 


MF4-100 

-400 



mV 

Output Swing 

Rl = 5 kn 

+ 4.0 

+ 3.5 


V (min) 



-4.5 

-4.0 


V (min) 

Output Short Circuit 

Ta = 25°C . 





Current (Note 6) 

Source 

50 



mA 


Sink 

1.5 



mA 

Dynamic Range (Note 2) 

Ta = 25°C 

MF4-50 

80 



dB 


MF4-100 

78 



dB 

Additional Magnitude 

Ta = 25°C 





Response Test Points 
(Note 4) 

fCLK=250kHz 





MF4-50(fc = 5kHz) 
Magnitude at 

f=6000 Hz 

-7.57 

-7.57 ±0.27 


dB (max) 


f = 4500 Hz 

-1.44 

-1.44±0.12 


dB (max) 

MF4-100 ifQ=:25kHz' 

f = 3000 Hz 


±0.2 


dB (max) 

Magnitude at 

f = 2250 Hz 


±0.1 


dB (max) 
































































Electrical Characteristics (Note?) 


Parameter 

Conditions 

Typ 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

V+ = 2.5V, V- = -2.5V 

Cutoff Frequency Range (fc) 

MF4-50 



0.1 

Hz (min) 

(Note 1) 




10k 

Hz (max) 


MF4-100 



0.1 

Hz (min) 





5k 

Hz (max) 

Supply Current 

fCLK = 250 kHz 

1.5 

2.25 


mA (max) 

Clock Feedthrough 

Ta = 25''C 

15 



mV 

(Peak-to-Peak) 

Filter Output 





fcLK^250kHz(Note3) 

DC Gain (Hq) 

RsOURCE- 2 kfl 

0.0 

±0.15 


dB (max) 

Clock to Cutoff Frequency 

' Ta = 25'’C 





Ratio (fcLK/^c) 

MF4-50 

50.07 ±0.3% 

50.07 ± 1 .6% 

50.07 ±0.6% 

(max) 


MF4-100 




(max) 

fcLK^fc Temperature 

MF4-50 

±25 



ppm/°C 

Coefficient 

MF4-100 




ppm/°C 

Stopband Attenuation 

At2fc 

-25.0 

-24.0 


dB (min) 

DC Offset Voltage 

MF4-50 

-150 



mV 


MF4-100 

-300 



mV 

Output Swing 

Rl= 5 kn 

1.5 

1.0 


V (min) 



-2.2 

-1.7 


V (min) 

Output Short Circuit 

Ta = 25‘’C 





Current (Note 6) 

Source 

28 



mA 


Sink 

0.5 



mA 

Dynamic Range (Note 2) 

Ta = 25°C 

MF4-50 

80 



dB 


MF4-100 

78 



dB 

Additional Magnitude 

Ta = 25°C 





Response Test Points 
(Note 4) 

fCLK = 250 kHz 





MF4-50 (fc=5kHz) 
Magnitude at 

f = 6000 Hz 

-7.57 

-7.57±0.54 


dB (max) 


f = 4500 Hz 

-1.46 

-1.46 ±0.24 


dB (max) 

MF4-100 (fc = 2.5kHz) 
Magnitude at 

f = 3000 Hz 


±0.2 


dB (max) 


f = 2250 Hz 


±0.1 


dB (max) 





























































MF4 


Logic Input-Output Characteristics (Note 7) (v- = ov. Note s) 

Parameter 

Conditions 

Typ 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

SCHMITT TRIGGER 

Vt+ Positive Going Threshold Voltage 

V+ = 10V 

7.0 

6.1 


V (min) 




8.9 


V (max) 


> 

in 

II 

+ 

> 


3.1 


V (min) 




4.4 


V (max) 

Vj- Negative Going Threshold Voltage 

V+=10V 

3.0 

1.3 


V (mih) 




3.8 


V (max) 


> 

in 

II 

+ 

> 

1.5 

0.6 


V (min) 




1.9 


V (max) 

Hysteresis (Vj + - Vj - ) 

V+=10V 

4.0 

2.3 


V (min) 




7.6 


V (max) 


V+ =5V 

2.0 

1.2 


V (min) 




3.8 


V (max) 

Logical ‘‘1 " Output Voltage 

V+=10V 


9.0 


V (min) 

(lo=-10p,A) (Pin 2) 

V+=5V 


4.5 


V (min) 

Logical "O" Output Voltage 

> 

o 

II 

+ 

> 


MM 


V (max) 

(lo = 10jLiA)(Pin2) 

< 

+ 

II 

cn 

< 




V (max) 

Output Source Current 

CLK R Shorted to Ground 

V+ = 10V 

6.0 

3.0 


mA (min) 


V+=5V 

1.5 

. 0.75 


mA (min) 

Output Sink Current 

CLK R Shorted to V + 
V+=10V 

5.0 

2.5 


mA (min) 


V-=5V 

1.3 

0.65 


mA (min) 

TTL CLOCK INPUT (CLK R PIN) (Note 8) 

V|L (Logical “0” Input Voltage) 



0.8 


V (max) 

V|H (Logical “1” Input Voltage) 



2.0 



Leakage Current at CLK R Pin 

Ta= 25'’C, L Sh Pin Tied 
to Mid-Supply 


2.0 


JU.A (max) 

Note 1: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 2: For ±5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically nVrms for the 
MF4-50 and fiVrms for the MF4-100. For ±2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 kHz 

bandwidth is typically ft Vrms for both the MF4-50 and the MF4-100. 





Note 3: The specifications for the MF4 have been given for a clock frequency (fcLK) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to 

deviate from the specified error band of ±0.6% but the filter still maintains its magnitude characteristics. See Application Hints. 


Note 4: Besides checking the cutoff frequency (fc) and the stopband attenuation at 2 fo, two additional frequencies are used to check the magnitude response of 

I the filter. The magnitudes are referenced to a DC gain of 0.0 dB, For a further discussion see Applications Hints. 


. 

Note 5: For simplicity all the logic levels have been referenced to V - = OV (except for the TTL input logic levels). The logic levels will scale accordingly for ± 5V and 

±2.5V supplies. 






Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative suppiy. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voitage swing and then shorting 

that output to the positive supply. These are the worst-case conditions. 





Note 7: Unless otherwise stated, these specifications apply over the commercial temperature range of 0 ®C^Ta^70'*C. 



Note 8: The MF4 is operating with symmetrical split supplies and L. Sh is tied to ground. 





Missing Values and ‘ 

Application Hints” section will be added on final data sheet. 

' \ 
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Pin Description 


This is the output of the lowpass filter. It will 
typically sink 0.90 mA and source 3 mA. 
Typically, the output will swing to within IV 
of each supply rail. 

This is the input to the lowpass filter. To 
minimize gain errors, the source impedance 
should be less than 2 kfl. For more details 
see Application Hints section. Note that for 
single supply operation the input signal must 
be biased to mid-supply or AC coupled. 

This is the analog ground pin. This pin 
should be connected to the system ground 
for dual supply operation or biased to mid- 
supply for single supply operation, see 
Figure 4. For a further discussion on mid- 
supply biasing techniques see the 
Application Hints. For optimum filter 
performance a “clean” ground must be 
provided. 

These are the positive and negative supply 
pins. The MF4 will operate over a supply 
range of 5V to 14V. Decoupling the supply 
pins with 0.1 fxF capacitors is highly 
recommended. 

This is the input of a CMOS Schmitt trigger. 

If an external CMOS logic level clock is to be 
used, it is applied to this pin. 

The level shift pin serves two purposes. 

One, the voltage at this pin sets the input 


switching threshold of an internal level shift 
stage. The level shift stage converts either 
TTL or CMOS logic levels to full V + to V - . 
clock levels that are required by the internal 
non-overlapping clock generator. The 
threshold is approximately 2V above the 
voltage at the level shift pin. 

Second, the voltage at this pin enables or 
disables an internal TRI-STATE buffer 
between the Schmitt trigger and the level 
shift stage. When tied to V-, this buffer is 
enabled and the Schmitt trigger drives the 
level shift stage. When tied to mid-supply 
(ground where the MF4 is operating from 
symmetrical split supplies) or above, the 
buffer is disabled and is placed in a high 
impedance state. This allows an external 
TTL (if L. Sh is connected to ground) or 
CMOS logic level to be applied to the level 
shift stage via the CLK R pin. 

This pin serves as the input for a TTL logic 
level clock if the L. Sh pin is tied to ground 
and the MF4 is operating with dual supplies. 
In the self-clocking mode an external 
resistor is tied from this pin to the CLK IN pin 
and an external capacitor is tied from the 
CLK IN pin to ground. This creates a Schmitt 
trigger oscillator. When using the self- 
clocking mode the L. Sh pin must be tied to 
V-. 


DUAL SUPPLY OPERATION 




2 7 

FILTER 

IN 

V+ 

5V 

CLK 

, ^ . 

2 7 

MF4 

AGND 

L. Sh 

MF4 

4 - 5 

'vT 

_ FILTER ^ 


3 6 


OUT 

-5V 



TL/H/5064-3 

FIGURE 1. MF4 Driven with CMOS Level Clock 
(V|h^0.8 Vcc* and V|l^0.2 Vcc) 


TL/H/5064-4 

FIGURE 2. MF4 Driven with TTL Level Clock 


•Vcc=v+-v- 


■9 


MF4 





MF4 


Pin Description (Continued) 


DUAL SUPPLY OPERATION 



TL/H/5064-5 

FIGURE 3. MF4 Driven with Schmitt Trigger Oscillator 


SINGLE SUPPLY OPERATION 

If an external clock Is used, It has to be of CMOS level because the clock Is input to a CMOS Schmitt trigger. 
The AGND pin must be biased to mid-supply. 

The input signal should be DC biased to mid-supply or AC coupled to the input pin. 




TL/H/5064-7 


An external R and C can be used to generate an on-board clock: if so, 
the L. Sh pin should remain at ground. 

FIGURE 4b. MF4 Driven with the Schmitt Trigger Oscillator 
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Pin Description (Continued) 


OFFSET ADJUST 


CLKIN 



g 

FILTER 






IN 


CLK 

2 


7 

, 


R 


MF4 


I 

p. 

L. Sh 




AGND 4 



3 


8 


> 


4 


5 

FILTER I 






OUT 



FIGURE 5. Typical Circuit for Adjusting the DC Offset of the Filter 
(See Application Hints on mid-supply bias generation) 

Fiiter Out shouid be referenced to AGND. 
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MF5 


National 

Semiconductor 


PRELIMINARY 


MF5 Universal Monolithic Switched Capacitor Filter 


General Description 

The MF5 consists of an extremely easy to use, general pur- 
pose CMOS active filter building block and an uncommitted 
op amp. The filter building block, together with an external 
clock and a few resistors, can produce various second order 
functions. The filter building block has 3 output pins. One of 
the output pins can be configured to perform highpass, all- 
pass or notch functions and the remaining 2 output pins 
perform bandpass and lowpass functions. The center fre- 
quency of the filter can be directly dependent on the clock 
frequency or it can depend on both clock frequency and 
external resistor ratios. The uncommitted op amp can be 
used for cascading purposes, or for obtaining additional all- 
pass and notch functions or for various other applications. 
Higher order filter functions can be obtained by cascading 
several MF5s or by using the MF5 in conjuction with the 
MF10 (dual switched capacitor filter building block). The 
MF5 is functionaliy compatible with the MF10. Any of the 
classical filter configurations (such as Butterworth, Bessel, 
Cauer and Chebyshev) can be formed. 


System Block Diagram 




Features 

■ Low cost 

■ 14-pin DIP 

■ Easy to use 

■ Clock to center frequency ratio accuracy ±0.6% 

■ Filter cutoff frequency stability directly dependent on 
external clock quality 

■ Low sensitivity to external component variations 

■ Separate highpass (or notch or alipass), bandpass, low- 
pass outputs 

■ fo X Q range up to 200 kHz 

■ Operation up to 30 kHz 

■ Uncommitted op amp available 


LEVEL I NON CVERL 
SHIFT I CLOCK 


13 

Dvih 


Connection Diagram 


Dual-ln-Line Package 


N/AP/HP —1 2 


1 

T7 

14 

2 


13 

3 


12 

4 

MFS 

11 

5 


10 

6 


9 

7 


8 


Order Number MF5 
See NS Packages J14A, N14A 
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National 

Semiconductor 


PRELIMINARY 


MF6 6th Order Switched Capacitor Butterworth Lowpass 
Fiiter 


General Description 

The MF6 is a versatile easy to use, precision 6th order But- 
terworth lowpass active filter. Switched capacitor tech- 
niques eliminate external component requirements and al- 
low a clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MF6-50) or 100 to 1 (MF6-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or for tighter cutoff frequency control, a 
TTL or CMOS logic compatible clock can be directly ap- 
plied. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF6 sec- 
tions for higher order filtering. In addition to the filter, two 
independent CMOS op amps are included on the die and 
are useful for any general signal conditioning applications. 


Block and Connection Diagrams 


Features 

■ Low cost 

■ Easy to use 

■ No external components 

■ 14-pin DIP 

■ Cutoff frequency accuracy of ± 0.3% 

■ Cutoff frequency range of 0.1 Hz to 20 kHz 

■ Two uncommitted op amps available 

■ SV to 14V operation 

■ Cutoff frequency set by external internal clock 


Dual-ln-Llne Package 


L- 

n u 

3 

r T 

13 U 

6TH ORDER 

— ^ BUTTERWORTH 

LOWPASS FILTER 




t t 


OP AMP #1 

5 r 




L 

• — NON-OVERLAPPING 

CLOCK GENERATOR 

-Tv r 

h: 

^ ^TRI-STATE- BUFFER 


1 




OP AMP A 2 

1^ 

11 

12 

6 10 



1 


2 

13 

3 

12 

4 

MF6CN 11 

5 

10 

S 

9 

7 

8 


Order Number MF6 
See NS Package N14A 
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MF6 


Absolute Maximum Ratings 





Supply Voltage 

14V Storage Temperature 


ISO’C 

Power Dissipation 

- 500 mW Lead Temperature (Soldering, 1 0 seconds) 

300'’C 

Operating Temperature 

O^C to TO’C (MF6CN) 




Electrical Characteristics (niter) (Note ?) 


' 



Parameter 

Conditions 

Typ 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

V+=5V,V- = -5V 

Cutoff Frequency Range (fc) 

MF6-50 



0.1 

Hz (min) 

(Note 1) 




20k 

Hz (max) 


MF6-100 



0.1 

Hz (min) 





10k 

Hz (max) 

Supply Current 

fCLK = 250 kHz 

4.0 

6.0 


mA (max) 

Clock Feedthrough 

Ta = 25‘“C 





(Peak-to-Peak) 

Filter Output 

30 



mV 


Op Amp # 1 Output 

25 



mV 


Op Amp #2 Output 

20 



mV 

fCLK^250kHz(Note3) 

DC Gain (Hq) 

RsOURCE^2kn 

0.0 

±0.15 


dB (max) 

Clock to Cutoff Frequency 

Ta = 25°C 





Ratio (fcLk/^c) 

MF6-50 

49.27 ±0.3% 

49.27 ±0.6% 


(max) 


MF6-100 

98.97 + 0.3% 

98.97 ±0.6% 


(max) 

fcLK/fc Temperature 

MF6-50 

25 



ppm/“C 

Coefficient 

MF6-100 

25 



ppm/°C 

Stopband Attenuation 

, At2fc 

-37.5 

-36 


dB (min) 

DC Offset Voltage 

MF6-50 

-200 



mV 


MF6-100 

-300 



mV 

Output Swing 

Rl= 5 kn 

+ 4.0 

+ 3.5 


V (min) 



-4.1 

-3.8 


V (min) 

Output Short Circuit 

Ta=25°C 





Current (Note 6) 

Source 

50 



mA 


Sink 

1.5 



mA 

Dynamic Range (Note 2) 

Ta=25”C 

MF6-50 

83 



dB 


MF6-100 

81 



dB 

Additional Magnitude 

Ta = 25'’C 





Response Test Points 
(Note 4) 

fCLK = 250 kHz 





MF6-50(fc = 5kHz) 
Magnitude at 

f = 6000 Hz 

-9.47 

-9.47 + 0.3 


dB (max) 


f = 4500 Hz 

-0.92 

-0.92 + 0.1 


dB (max) 

MF6-100(fc = 2.5kHz) 
Magnitude at 

f = 3000 Hz 

-9.48 

-9.48 + 0.3 


dB (max) 


f = 2250 Hz 

-0.97 

-0.97 + 0.1 


dB (max) 
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Electrical Characteristics (continued) (Fitter) (Note ?) 


Parameter 

Conditions 

Typ 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

V+=2.5V,V- = -2.5V 

Cutoff Frequency Range (fc) 

MF6-50 



0.1 

Hz (min) 

(Notel) 




10k 

Hz (max) 


MF6-100 



' 0.1 

Hz (min) 





5k 

Hz (max) 

Supply Current 

fCLK = 250 kHz 

2.5 

4.0 


mA (max) 

Clock Feedthrough 

Ta = 25°C 





(Peak-to-Peak) 

Filter Output 

20 



mV 


Op Amp # 1 Output 

10 



mV 


Op Amp #2 Output 

10 



mV 

fCLK^250 kHz (Note 3) 

DC Gain (Hq) 

Rs0URCE^2kn 

0.0 

±0.15 


dB (max) 

Clock to Cutoff Frequency 

Ta-25°C 





Ratio (fcLK/fc) 

MF6-50 

49.45 ±0.3% 

49.45 ±0.6% 


(max) 


MF6-100 

99.35 ±0.3% 

99.35 ±0.6% 


(max) 

fCLK/fc Temperature 

MF6-50 

-15 



ppm/°C 

Coefficient 

MF6-100 

90 



ppm/°C 

Stopband Attenuation 

At2fc 

-37.5 

-36 


dB (min) 

DC Offset Voltage 

MF6-50 




. mV 


MFe^ioo 




mV 

Output Swing 

RL=5kn 

1.5 

1.0 


V (min) 



-2.2 

-1.7 


V (min) 

Output Short Circuit 

Ta = 25‘'C 

' 




Current (Note 6) 

Source 

28 



mA 


Sink 

0.5 



mA 

Dynamic Range (Note 2) 

Ta=25‘’C 

MF6-50 

77 



dB 


MF6-100 

77 



dB 

Additional Magnitude 

Ta = 25"C 





Response Test Points 
(Note 4) 

fCLK = 250 kHz 





•MF6-50 (fc = 5kHz) 
Magnitude at 

f = 6000 Hz 

-9.54 

-9.54 ±0.3 


dB (max) 


f = 4500 Hz 

-0.96 

-0.96±0.1 


dB (max) 

MF6-100 (fc=2.5 kHz) 






Magnitude at 

f = 3000 Hz 


-9.67 ±0.3 


dB (max) 

f = 2250 Hz 


-1.01 ±0.1 


dB (max) 

































































MF6 


Electrical Characteristics (Both op Amps) (Note ?) 

Parameter 

Conditions 

Typ 

Tested 

Design 

Units 

Limits 

Limits 

(Limits) 

V+=5V,V- = -5V 

DC Open Loop Gain 

Ta = 25'’C 

72 


67 

dB (min) 

Gain Bandwidth Product 

Ta = 25‘‘C 

2.5 

1.5 


MHz (min) 

Input Offset Voltage 


8.0 

20 

' 

mV (max) 

Output Swing 

Rl = 2.5 kn 

mm 

3.8 


V (min) 




-4.0 


V (min) 

Output Short Circuit Current (Note 6) 

Ta = 25°C 
Source 

54 



mA 


Sink 

3 



mA 

Common-Mode Range (Op Amp #2 Only) 


±3.9 

±3.8 


V (min) 

CMRR (Op Amp #2 Only) 


60 



dB (min) 

Input Bias Current 

Ta = 25''C 

10 



pA 

Slew Rate 

Ta=25'’C 

7.0 



V/JLIS 

V+= 2.5V, V-= -2.5V 

DC Open Loop Gain 

Ta=25‘’C 

67 


62 

dB (min) 

Gain Bandwidth Product 

Ta = 25''C 

2.0 

1.2 


MHz (min) 

Input Offset Voltage 


8.0 

20 


mV (max) 

Output Swing 

RL=2.5kft 

1.5 

■h 


V (min) 



-2.2 

HED9I 


V (min) 

Output Short Circuit Current (Note 6) 

Ta = 25‘’C 
Source 

29 



mA 


Sink 

1.0 



mA 

Common-Mode Range (Op Amp #2 Only) 


1.4 

1.3 


V (min) 



-1.5 

-1.4 


V (min) 

CMRR (Op Amp #2 Only) 


60 



dB (min) 

Input Bias Current 

Ta=25'C 

10 



pA 

Slew Rate 

Ta = 25“C 

6 



V//iS 

i 
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Logic Input-Output Characteristics (Note 7){v-=ov. Notes) 


Parameter 

Conditions 

Typical 

Tested 

Limits 

Design 

Limits 

Units 

(Limits) 

SCHMITT TRIGGER 

Vt-i- Positive Going Threshold Voltage 

V+ =10V 

7.0 

6.1 


V (min) 




8.9 


V (max) 


> 

If) 

II 

-i- 

> 

3.5 

3.1 


V (min) 




4.4 


V (max) 

Vt- Negative Going Threshold Voltage 

V+ = 10V 

3.0 

1.3 


V (min) 




3.8 


V (max) 


V+=5V 

1.5 

0.6 


V (min) 




1.9 


V (max) 

Hysteresis (Vt+ -Vt-) 

V+=10V 

4.0 

2.3 


V (min) 




7.6 


V (max) 


< 

+ 

II 

cn 

< 

2.0 

1.3 


V (min) 




3.8 


V (max) 

Logical “1” Output Voltage 

V+ =10V 


9.0 


V (min) 

(Io=- 10)4A) (Pin 11) 

V+ =5V 


4.5 


V (min) 

Logical “0” Output Voltage 

V+ = 10V 


■9 


V (max) ^ 

(lo=10p,A) (Pin 11) 

V+=5V 




V (max) 

Output Source Current (Pin 1 1 ) 

CLK R Shorted to Ground 
V+ = 10V 

6.0 

3.0 


mA (min) 


V+=5V 

1.5 

0.75 


mA (min) 

Output Sink Current (Pin 1 1) 

CLK R Shorted toV+ 

V+ = 10V 

5.0 

2.5 


mA (min) 


V- = 5V 

1.3 

0.65 


mA (min) 

TTL CLOCK INPUT (CLK R PIN) (NOTE 8) 

V|L (Logical “0” Input Voltage) 



0.8 


V (max) 

V|H (Logical “1” Input Voltage) 



2.0 


V (min) 

Leakage Current at CLK R Pin 

Ta = 25°C, L. Sh Pin Tied 
to Mid-Supply 


2.0 


juA (max) 


Note 1: The cutoff frequency of the filter Is defined as the frequency where the magnitude response Is 3.01 dB less than the DC gain of the filter. 

Note 2: For ± 5V supplies the dynamic range Is referenced to 2.82 Vrms (4\/ peak) where the wideband noise over a 20 kHz bandwidth is typically 200 p.Vrms for 
the MF6-50 and 250 jiVrms for tfie MF6-1 00. For ± 2.5V supplies the dynamic range is referenced to 1 .06 Vrms (1 .5V peak) where the wideband noise over a 20 
kHz bandwith is typically 140 jiVrms for both the MF6-50 and the MF6-100. 

Note 3: The specifications for the MF6 have been given for a clock frequency (fcLk) o* 250 kHz and less. Above this clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±0.^% but the filter still maintains its magnitude characteristics. See Application Hints. 

Note 4: Besides checking the cutoff frequency (fc) and the stopband attenuation at 2 fc, two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. For a further discussion see Application Hints.. 

Note 5: For simplicity all the logic levels have been referenced to V- = OV (except for the TTL input logic levels). The logic levels will scale accordingly for ± 5V and 
±2.5V supplies. 

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst-case conditions. 

Note 7: Unless otherwise stated, these specifications apply over the commercial temperature range of 0 “C^Ta^70°C. 

Note 8: The MF6 is operating with symmetrical split supplies and L. Sh is tied to ground. 


“Application Hints’’ section will be added on final data sheet. 
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MF6 


Pin Description 


FILTER 

OUT 

Vos adj 

FILTER 

IN 


Vo2. INV2, 
N. INV2 

> Voi,INV1 


AGND 


This is the output of the lowpass filter. It will 
typically sink 0.90 mA and source 3 mA. 

T ypically, the output will swing to within 1 V 
of each supply rail. 

If needed, this pin is used to adjust the DC 
offset of the lowpass filter. A typical circuit is 
shown in Figure 5, where a 50 kn pot is 
connected between V+ and V- and the 
wiper is connected to the Vqs ADJ pin. If the 
Vos ADJ pin is not used it must be tied to 
AGND. The DC gain from the Vqs ADJ pin 
to the output of the filter is 2.5 to 3.0. 

This is the input to the lowpass filter. To 
minimize gain errors, the source impedance 
should be less than 2 kfl. For more details 
see Application Hints section. Note that for 
single supply operation the input signal must 
be biased to mid-supply or AC coupled. 

Vo 2 is the output of op amp #2. INV2 and N. 
INV2 are the Inverting and non-inverting 
inputs of op amp #2, respectively. These 
are very high impedance inputs. 

Vqi is the output and INV1 is the inverting 
input of op amp # 1 . INV1 is also a high 
impedance input. The non-inverting input is 
connected to AGND (analog ground) 
internally Both op amp #1 and op amp #2 
will typically sink 1 .8 mA and source 3 mA 
and will swing to within 1 V of each supply 
rail. 

This is the analog ground pin. This pin 
should be connected to the system ground 
for dual supply operation or biased to mid- 
supply for single supply operation, see 
Figure 4. For a further discussion on mid- 
supply biasing techniques see the 
Application Hints. For optimum filter 
performance a "clean” ground must be 
provided. 


V+, V- 


CLKIN 


CLKR 


Dual Supply Operation 


These are the positive and negative supply 
pins. The MF6 will operate over a supply 
range of 5V to 1 4V. Decoupling the supply 
pins with 0.1 p,F capacitors is highly 
recommended. 

This is the input of a CMOS Schmitt trigger. 

If an external CMOS logic level clock is to be 
used, it is applied to this pin. 

The level shift pin serves two purposes. 

One, the voltage at this pin sets the input 
switching threshold of an internal level shift 
stage. The level shift stage converts either 
TTL or CMOS logic levels to full V+ to V“ 
clock levels that are required by the internal 
non-overlapping clock generator. The 
threshold is approximately 2V above the 
voltage at the level shift pin. 

Second, the voltage at this pin enables or 
disables an internal TRI-STATE buffer 
between the Schmitt trigger and the level 
shift stage. When tied to V~, this buffer is 
enabled and the Schmitt trigger drives the 
level shift stage. When tied to mid-supply 
(ground where the MF6 Is operating from 
symmetrical split supplies) or above, the 
buffer is disabled and is placed in a high 
impedance state. This allows an external 
TTL (if L. Sh is connected to ground) or 
CMOS logic level to be applied to the level 
shift stage via the CLK R pin. 

This pin serves as the input for a TTL logic 
level clock if the L. Sh pin is tied to ground 
and the MF6 is operating with dual supplies. 
In the self-clocking mode an external 
resistor is tied from this pin to the CLK IN pin 
and an external capacitor is tied from the 
CLK IN pin to ground. This creates a Schmitt 
trigger oscillator. When using the self- 
clocking mode the L. Sh pin must be tied to 
V_. 



FIGURE 1. MF6 Driven with CMOS Logic Level Clock 
(V|h^0.8 Vcc* and V|l^0.2 Vcc) 


•vcc=v+-v- 



TL/H/5065-4 

FIGURE 2. MF6 Driven with TTL Logic Level Clock 
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DUAL SUPPLY OPERATION 


N.INV2 — 

• W 

— INV2 

Vm — 


2iiNVi 

FILTER 3 

out"" 


12 LStl 

Voi— 


11 CLKR 

AGND S 


10 V- 

VosADJ 7 


9 CIKIN 


a FILTER 


f [ Vcc-Vt- \ 

/Vt.\ 

{ UcC-VT-t-/ 

Ivt- j 


Typically for Vcc^ f OV 
*'^'-'^^1.69 RC 


TL/H/5065-5 

FIGURE 3. MF6 Driven with Schmitt Trigger Oscillator 
SINGLE SUPPLY OPERATION 

The AGND pin must be biased to mid-supply. 

The input signal should be DC biased to 
mid-supply or AC coupled to the input pin 



10k 0.1 J 


jur 


* or buffer with op amp #2, 
then apply to AGND 


If an external clock is used, it has to be of CMOS logic 
levels because the clock is input to a CMOS Schmitt trigger. 

FIGURE 4a. MF6 Driven with an External Clock 


N.INV2 1 

• W 

14 INV2 I 

1 Vo2 2 


>3 

FILTER 3 


12 L.Sh 

OUT 

Vni * 


11 CLKR 

AGND 5 


10 V- ^ 

10V ''*® 


9 CLK IN J 

Vos ADJ 7 


FILTER — L 


[ { Vcc-Vt- \ 1 

I lVcc-VT-^/ Ut-/ \ 


f f VcC-VT- 
l lVcc-VT-^ 
Typically forVcc 

’'^'■'^“1.69 RC 

*Vcc=V+-V- 


TL/H/5065-7 

An external R and d can be used to generate an on- 
board clock, if so the L. Sh pin should remain at ground 

FIGURE 4b. MF6 Driven with the Schmitt Trigger Oscillator 
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MF6 


OFFSET ADJUST 



TL/H/5065-8 

FIGURE 5. Typical Circuit for Adjusting Filter DC Offset 
If not used, connect Vqs ADJ pin to AGND) 
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National 

Semiconductor 


MFIO Universal Monolithic Dual Switched Capacitor Filter 


General Description 

The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 resis- 
tors, can produce various 2nd order functions. Each building 
block has 3 output pins. One of the outputs can be config- 
ured to perform either an allpass, highpass or a notch func- 
tion; the remaining 2 output pins perform lowpass and band- 
pass functions. The center frequency of the lowpass and 
bandpass 2nd order functions can be either directly depen- 
dent on the clock frequency, or they can depend on both 
clock frequency and external resistor ratios. The center fre- 
quency of the notch and allpass functions is directly depen- 
dent on the clock frequency, while the highpass center fre- 
quency depends on both resistor ratio and clock. Up to 4th 
order functions can be performed by cascading the two 2nd 
order building blocks of the MFtO; higher than 4th order 
functions can be obtained by cascading MF10 packages. 
Any of the classical filter configurations (such as Butter- 
worth, Bessel, Cauer and Chebyshev) can be formed. 


Features 

■ Low cost 

■ 20-pin 0.3" wide package 

■ Easy to use 

■ Clock to center frequency ratio accuracy ±0.6% 

■ Filter cutoff frequency stability directly dependent on 
external clock quality 

■ Low sensitivity to external component variation 

■ Separate highpass (or notch or allpass), bandpass, low- 
pass outputs 

■ fo X Q range up to 200 kHz 

■ Operation up to 30 kHz 


System Block Diagram 



TL/H/5645-1 


4-21 












MF10 


Absolute Maximum Ratings 

Supply Voltage 14V Storage Temperature 150°C 

Power Dissipation 500 mW Lead Temperature (Soldering, 10 seconds) 300’C 

Operating Temperature O'CtoTCC 

Electrical Characteristics (complete niter) vs= +5v. ta= 25°c 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Frequency Range 

foXQ*<200 kHz 

20 

' 30 


kHz 

Clock to Center Frequency 
Ratio, fcLK/fo 

MF10BN 

MF10CN 

MF10BN 

MF10CN 

Pin 12 High, 0 = 10 
foXQ<50 kHz, Mode 1 

Pin 12 at Mid Supplies 

Q = 10, foXQ<50 kHz, Mode 1 


49.94±0.2% 

49.94 ±0.2% 

99.35 ±0.2% 

99.35 ±0.2% 

±0.6% 

±1.5% 

±0.6% 

±1.5% 


0 Accuracy (Q Deviation 
from an Ideal Continuous 

Filter) 

MF10BN 

MF10CN 

MF10BN 

MF10CN 

Pin 12 High, Mode 1 
foXQ<100kHz,fo<5kHz 

Pin 12 at Mid Supplies 
foXQ<100 kHz 
fo<5 kHz, Mode 1 


±2% 

±2% 

±2% 

±2% 

±4% 

±6% 

±3% 

±6% 


fo T emperature Coefficient 

Pin12High(~50;1) 

Pin 12 Mid Supplies (~ 100:1) 
fo X Q < 1 00 kHz, Mode 1 

External Clock Temperature 
Independent 


±10 

±100 


ppm/°C 

ppm/°C 

0 Temperature Coefficient 

fo X Q < 1 00 kHz, Q Setting 
Resistors Temperature 
Independent 


±500 


ppm/°C 

DC Low Pass Gain Accuracy 

Mode1,R1=R2 = 10k 



±2 

% 

Crosstalk 



50 


dB 

Clock Feedthrough 



10 


mV 

Maximum Clock Frequency 


1 

1.5 


MHz 

Power Supply Current 



8 

10 

mA 

Electrical Characteristics (internal op Amps) 25°c 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage 


±4 

±5 


V 

Voltage Swing (Pins 1,2, 19, 20) 
MF10BN 

MF10CN 

Vs=±5V, RL = 5k 

±3.8 

±3.2 

±4 

±3.7 


V 

V 

Voltage Swing (Pins 3 and 18) 
MF10BN 

MF10CN 

Vs=±5V, RL = 3.5k 

±3.8 

±3.2 

±4 

±3.7 


V 

V 

Output short Circuit Current 

Source 

Sink 

Vs= ±5V 


3 

1.5 


mA 

Op Amp Gain BW Product 



2.5 


MHz 

Op Amp Slew Rate 


1 

7 


V/jLlS 
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Definition of Terms 


fcLK^ the switched capacitor filter external clock frequency, 
fg; center of frequency of the second order function com- 
plex pole pair, fo is measured at the bandpass output of 
each y 2 MF10, and it is the frequency of the bandpass peak 
occurrence (Figure 1). 

Q: quality factor of the 2nd order function complex pole pair. 
Q is also measured at the bandpass output of each Va MF10 
and it is the ratio of Iq over the -3 dB bandwidth of the 2nd 
order bandpass filter, Figure 1. The value of Q is not mea- 
sured at the lowpass or highpass outputs of the filter, but its 
value relates to the possible amplitude peaking at the above 
outputs. 

HoBp: the gain in (V/V) of the bandpass output at f = fo. 
HoLp: the gain in (V/V) of the lowpass output of each Vi 
MF10 at f — > 0 Hz, Figure 2. 


> Hobp 
i 0.707 Hobp 


BANDPASS OUTPUT 



HoHPt the gain in (V/V) of the highpass output of each Vi 
MF10 as f — »■ fcLK/2, Figure 3. 

Qz: the quality factor of the 2nd order function complex zero 
pair, if any. (Q^ is a parameter used when an allpass output 
is sought and unlike Q it cannot be directly measured), 
fj: the center frequency of the 2nd order function complex 
zero pair, if any. If fz is different from fo, and if the Qz is quite 
high it can be observed as a notch frequency at the allpass 
output. 

fnotch^ the notch frequency observed at the notch output(s) 
of the MF-10. 

Hon the notch output gain as f — > 0 Hz. 

Hon jt the notch output gain as f fcLK/2. 


'H-'L . 


Il Io fH 
I (LOG SCALE) 






S" Hop 

5 Hoij«. 

- 0.707 Holp 


LOWPASS OUTPUT 





Hop - Hqlp X ■ 




Ip Ic 

f (LOG SCALE) 


Hop 
Hohp 
0.707 Hohp 



fc fp 

( (LOG SCALE) 


^ [ V’ "5^ I 


Hop = Hohp x • 
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MF10 


Connection Diagram 



TL/H/5645-3 

Order Number MF10BN or MF10CN 
See NS Package N20A 


Pin Description 

LP, BP, N/AP/HR These are the lowpass, bandpass, 
notch or allpass or highpass outputs 
of each 2nd order section. The LP 
and BP outputs can sink typically 1 
mA and source 3 mA. The N/AP/HP 
output can typically sink and source 
1 .5 mA and 3 mA, respectively. 

INV This is the inverting input of the sum- 

ming op amp of each filter. The pin 
has static discharge protection. 

SI SI is a signal input pin used in the 

allpass filter configurations (see 
modes of operation 4 and 5). The pin 
should be driven with a source im- 
pedance of less than 1 kfi. 

Sa/b It activates a switch connecting one 

of the inputs of the filter’s 2nd sum- 
mer either to analog ground (Sa/b 
low to Va) or to the lowpass output of 
the circuit (Sa/b to V^. This al- 
lows flexibility in the various modes 
of operation of the IG. Sa/b is pro- 
tected against static discharge. 

V^, Vp Analog positive supply and digital 

positive supply. These pins are inter- 
^ nally connected through the 1C sub- 

strate and therefore and Vp 
should be derived from the same 
power supply source. They have 
been brought out separately so they 
can be bypassed by separate capaci- 
tors, if desired. They can be external- 
ly tied together and bypassed by a 
single capacitor. 


V A. V D Analog and digital negative supply re- 

spectively. The same comments as 
for and Vp apply here. 

L Sh Level shift pin; it accommodates vari- 

ous clock levels with dual or single 
supply operation. With dual ± SV sup- 
plies, the MF10 can be driven with 
CMOS clock levels (±5V) and the L 
Sh pin should be tied either to the 
system ground or to the negative 
supply pin. If the same supplies as 
above are used but T2L clock levels, 
derived from OV to 5V supply, ,are 
only available, the L Sh pin should be 
tied to the system ground. For single 
supply operation (OV and 10V) the 
Vq, V^ pins should be connected to 
the system ground, the AGND pin 
should be biased at 5V and the L Sh 
pin should also be tied to the system 
ground. This will accommodate both 
CMOS and T2L clock levels. 

CLK(AorB) Clock inputs for each switched ca- 

pacitor filter building block. They 
should both be of the same level 
(T2L or CMOS). The level shift (L Sh) 
pin description discusses how to ac- 
commodate their levels. The duty cy- 
cle of the clock should preferably be 
close to 50% especially when clock 
frequencies above 200 kHz are used. 
This allows the maximum time for the 
op amps to settle which yields opti- 
mum filter operation. 

504100/CL By tying the pin high a 50:1 clock to 

filter center frequency operation is 
obtained. Tying the pin at mid sup- 
plies (i.e., analog ground with dual 
supplies) allows the filter to operate 
at a 100:1 clock to center frequency 
ratio. When the pin is tied low, a sim- 
ple current limiting circuitry is trig- 
gered to limit the overall supply cur- 
rent down to about 2.5 mA. The filter- 
ing action is then aborted. 

AGND Analog ground pin; it should be con- 

nected to the system ground for dual 
supply operation or biased at mid 
supply for single supply operation. 
The positive inputs of the filter op 
amps are connected to the AGND 
pin so “clean” ground is mandatory. 
The AGND pin is protected against 
static discharge. 
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Modes of Operation 


The MF10 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
will be appropriate. Since this may appear cumbersome 
and, since the MF10 closely approximates continuous fil- 
ters, the following discussion is based on the well known 
frequency domain. The following illustrations refer to Vi of 
the MF10; the other Vi is identical. Each MF10 can produce 
a full 2nd order function, so up to 4th order functions can be 
performed by using cascading techniques. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: fnotch 
= to (See Figure 4) 

fo = center frequency of the complex pole pair 
^CLK <CLK 
100 50 

^notch = center frequency of the imaginary zero pair=fo. 

R2 

Holp = Lowpass gain (as f — ♦ 0) = -— 

n1 

R3 

Hqbp = Bandpass gain (at f=fo)=-— 


Hon = Notch output gain as M 0 

f n1 


Q 

BW R2 

= quality factor of the complex pole pair. 

BW =the -3 dB bandwidth of the bandpass output. 
Circuit dynamics: 

Holp = *^obp = Holp x Q = Hon x Q. 

Holp (peak) = Qx Holp (^or high Q’s) 

The above expressions are important. They de- 
termine the swing at each output as a function 
of the desired Q of the 2ncl order function. 

MODE la: Non-Inverting BP, LP (See Figure 5) 

, fCLK fCLK 


Holp = -1 : Holp (peak) = Q x Holp (<or high Q’s) 
__R3 
Hobpi “ R2 
HoBPg “"I (non-inverting) 

Circuit dynamics: Hobpi = Q 


f->fcLK/2 



FIGURE 4. MODE 1 



FIGURE 5. MODE la 
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MFIO 


Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: fnotch'^^o 
(See Figure 6) 

fo = center frequency 

■ ^CLK /R2 fcLK /R2 

100 VR4^ 50VR4'^ 

, _fCLK„ fCLK 

notch or 

Q = quality factor of the complex pole pair 

p2/R4 + 1 
”V R2/R3 

Hqlp = Lowpass output gain (as f —* 0) 

R2/R1 
R2/R4 + 1 

Hobp = Bandpass output gain (at f = fo) - R3/R 1 
Rqni = Notch output gain (as f —* 0) 

R2/R1 
R2/R4 + 1 

H0N2 = Notch output gain ^asf — = -R2/R1 
Filter dynamics: Hobp “ CWHqlp H 0N2 ~ QVHqni H 0N2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 7) 

=!cl!<x /nlor!cy<x./l 

° 100 VR4 50 VR4 

Q = quality factor of the complex pole pair 

- /5l 52 

“VR4^R2 


Hqhp = Highpass gain I as f ■ 


c\ _R2 
'/ R1 


Hobp = Bandpass gain (at f=fo)= 

R1 

R4 

Hqlp = Lowpass gain (as f —> 0)= 

n1 

Circuit dynamics: — =— Hobp = VHohp ^ Holp ^ Q 
R4 Holp 

Hqlp (peak) H olp (for high Q’s) 

Hohp (peak) - Q X Hohp (for high Q’s) 


bpa Up* 


3(18)1 5(16)1 


2(19) ll(20) 


9a/I is 




Cc* 

rHI-n 


FIGURE 6. MODE 2 


1 ( 20 ) 



In Mode 3, the feedback loop Is closed around the input sum- 
ming amplifier; the finite GBW product of this op amp causes a 
slight Q enhancement. If this is a problem, connect a small ca- 
pacitor (10 pF- 100 pF) across R4 to provide some phase lead. 


FIGURE 7. MODE 3 
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Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 8) 

f =!cl!<^ fcy<^ /I 

° 100 VR4 50 VR4 

/R2 R3 

Q 

VR4 R2 
Hqhp - -;r7 


-r<.tch(re<,uenoy.!^,/2fior!aK./E 
^ 100 VRi SOVRi 


( R R \ II ’ ' 

^ Holp - ^ Hqhp j I Hobp = Bandpass gain (at f = fo) 


= gain of notch (as f — > 0) = x Hqlp 

R| 


Hn2 = gain of notch I as f • 


Fta 

^xHohp 


MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 9) 
fo = center frequency 

- <CLK pr ^CLK . 

100 50 ' 

fz = center frequency of the complex zero pair~ fo 
Q =A=R3; 

BW R2’ 

R3 

Qz = quality factor of complex zero pair = — 

R1 

For AP output make R1 =R2 
Hoap =Allpassgain ^at0<f<^^j = -^=-1 
Hqlp = Lowpass gain (as f — 0) 

Hobp = Bandpass gain (at f = fo) 

R3/ R2\ „/R3\ 

R2V^^Rlj ^\R2j 

Circuit dynamics: Hqbp = (Hqlp) x Q = (Hqap + 1 )Q 

* Due to the sampled data nature of the filter, a slight mismatch of f^ and fo 
occurs causing a 0.4 dB peaking around fo of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 



FIGURE 8. MODE 3a 


R2 Ji’* 


bpa lpa 


3(18) j5(«) 


2(19) 1 1(20) 


SA/a 15 

no n 




FIGURE 9. MODE 4 
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Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 
(See Figure 10) 

= C51x!aKor,/^x!st!< 

° V R4 100 \ R4 50 

(, = /r^x!£t5or,/^x!sy< 

^ V R4 100 V R4 50 

R3 

Q =V1+R2/R4X— 

R2 


Qz =>/1-R2/R4X— 

R1 

Hozi = gain at C.z output (as f — > 0 Hz) = 


Hoz 2 ^ output ^ as f • 

Hobp =(sT*7''r2 

^ /R2 + R1\ R4 

\R2 + R4j^R1 


R2(R4-R1) 
’ R1(R2 + R4) 

fcy<'\ 

2 y Ri 


: 6a: Single Pole, Hp, LP Filter {See Figure 11) 
= cutoff frequency of LP or HP output 
_ R2 fcLK R2 fcLK 
R3 100 R3 50 

= _^ 

RI 

= _5£ 

RI 

i 6b: Single Pole LP Filter (Inverting and Non- 
Inverting) (See Figure 12) 

= cutoff frequency of LP outputs 
_ R2 fcLK R2 fcLK 
R3 100 R3 50 
= 1 (non-inverting) 

R2 



R 4 





fl 2 

C.IA 

n 

Isu 

BPa 

n r 

»— wv— T 

4 ( 17 ) . 

LJ 

3 ( 18 ) 

Sw 

^( 16 ) 

U L 

2 ( 19 ) 

N. 


J 

n> 


■€H5> 



SA/e 15 

He n 


FIGURE 10. MODE 5 



FIGURE 11. MODE 6a 



FIGURE 12. MODE 6b 
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Applications Information 

HOW TO USE THE fcLK^^o RATIO SPECIFICATION 

The MF10 is a switched capacitor filter designed to approxi- 
mate the response of a 2nd order state variable filter. When 
the sampling frequency is much larger than the frequency 
band of interest, the sampled data filter is a good approxi- 
mation to its continuous time equivalent. In the case of the 
MF10, this ratio is about 50:1 or 100:1. Nevertheless the 
filter's response must be examined in the z-domain in order 
to obtain the actual response. It can be shown that the 
clock frequency to center frequency ratio, fcLK^^o and the 
quality factor, Q, deviate from their ideal values determined 
in the continuous time domain. These deviations are shown 
graphically in Figures 13 and 14. The ratio, fcLK^fo. 'S a 
function of the ideal Q and the largest errors occur for the 
lowest values of Q. 

The curve for the fcLK/^o '"atio versus the ideal Q has been 
normalized for a Q of 10 which is the Q value used for the 
fCLK^^o fatio testing of the MF10. At this point the fcLK/^o 
ratio is 49.94 in the 50:1 mode and 99.35 in the 100:1 mode. 
These values are within a maximum tolerance of ±0.6% 
(MF10B) and ±1.5% (MF10C). The above tolerances hold 
for the entire range of Q’s; in other words, at 50:1, an 
MF10B has a ratio of 49.94±0.6% (Q=10) and this ratio 
becomes (49.44 ±0.6%) at Q = 2.1. If these small errors 
cannot be tolerated, the clock frequency or the resistor’s 
ratio, in Mode 3 and Mode 2, can be adjusted accordingly. 
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A SIMPLE AND INFORMATIVE FILTER DESIGN USING 
THEMF10 

Example 1: Design a 4th order 2 kHz lowpass maximally 
flat (Butterworth filter). The overall gain of the 
filter is desired to be equal to 1V/V. 

The 4th order filter can be built by cascading two 2nd order 
sections of (fo, Q) equal to: 0=0.541, fo = 2 kHz, Q= 1.306, 
fo=2 kHz. 

Due to the low Q values of the filter, the dynamics of the 
circuit are very good. Any of the modes of operation can be 
used but Mode la is the most simple: 


1/2MF10 
MODE la 
R3/R2=0.S41 


1/2MF10 
MODE 1i 
R3/R2 = 1.306 


FIGURE 15 

Since for the first section the smallest resistor is R3, choose 
R3>5k. Assume R3 = 10k then R2= 18.48k. For the sec- 
ond section choose R2 = 10k and then R3 = 13.06k. Both 
clock input pins (10, 1 1) can be tied together and then driv- 
en with a single external clock. If the approximate ratio 
^CLk/IOO is chosen (pin 12 is grounded), then with a 200 
kHz clock, the cuftoff frequency, fg, will be at 2 kHz with a 
1.5% maximum error. 

The filter schematic is shown in Figure 16. 


-1 >fl3 >R2 T— 

20 ll9 1l8 17 16 15 U JI3 12 |l1 

LPb BPb N/AP/ INVb SIb AGND Va Vb 50/100/ CLKb 
HPb cl 


LPa BPa HPa WVa SIa Sa/b 'it Vp' L 5h CLKa 

“Ti n n n is 16 n n r? Ro 


FIGURE 16. 4th Order, 2 kHZ Lowpass Butterworth Filter 


T^L CLK 

200 kHz TL/H/5645-11 
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Applications Information (continued) mfio offsets 


With a ± 5V supply, each output node of the 1C (pins 1 , 2, 3, 
1 8, 1 9, 20) will swing to ± 3.8V (MF1 OB) or ± 3.2V (MF1 OC). 
The maximum gain of 1.306 occurs at pin 19 at fo = 2 kHz. 
The input voltage amplitude should be limited to less than 
7.6 Vp-p/1.306 = 5.8 Vp-p. If the Q of 1.306 section of the 
MFIO precedes the Q of 0.541 section, the maximum gain is 
at pin 1. This gain can be calculated from the expression for 
Hop given in Definition of Terms, and equals 1.41. 

Getting Optimum Cutoff Frequency, fc, Accuracy (if 
needed): 

In the previous example, an approximate 100:1 ratio was 
assumed. The true fcLK^^o should, be read from the 
curves. Figures 13 and 14. At 100:1 the normalized ratio to 
Q = 10 is: fcLK/^o=^ 99-35. For Q’s of 0.541 and 1.306 this 
ratio becomes 99.35-0.75% = 98.6. For a 2 kHz fg, the 
clock frequency should be 2 kHz x 98.6= 197.2 kHz. 

With an MF10B and a 197.2 kHz clock, the maximum error 
on the 2 kHz cutoff frequency is ±0.6% as indicated in the 
specs. 

If only a 200 kHz is available In Mode la, the true value of fc 
and its maximum error is: 200 kHz/(98.6±0.6%) = 
2028 T 0.6%. 

If only a 200 kHz is available and there is need for a tight 
tolerance cutoff frequency, then Mode 3 should be used 
instead of Mode la. The resistor ratios are: 

1st Section, 0 = 0.541 2nd Section, Q= 1.306 

R2/R4 = 0.972 R2/R4 = 0.972 

R3/R2 = 0.548 R3/R2 = 1.324 

R4/R1=1 R4/R1 = 1 


The switched capacitor integrators of the MFIO have higher 
equivalent input offset than the typical R, C integrator of a 
discrete active filter. These offsets are created by a parasit- 
ic charge injection from the switches into the integrating ca- 
pacitors; they are temperature and clock frequency inde- 
pendent and their sign is shown to be consistent from part 
to part. The input offsets of the CMOS op amps also add to 
the overall offset, but their contribution is very small. Figure 
17 shows an equivalent circuit from where output DC offsets 
can be calculated. 

^OSl = 0 mV to ± 1 0 mV 
^082 = charge injected offset plus op amp offset 

= -120 mV to -170 mV (at 50:1) 

VoS 3 = charge injected offset plus op amp offset 
= 100 mV to 150 mV (at 50:1) 

The Vos 2 and Vos 3 numbers approximately double at 
100 : 1 . 

Output Offsets 

The DC offset at the BP output(s) of the MFIO is equal to 
the input offset of the lowpass switched capacitor integra- 
tor, VoS3- 

The DC offsets at the remaining outputs are roughly depen- 
dent upon the mode of operation and resistor ratios. 

Mode 1 and Mode 4 

VoS(N) =VoS 1 ^^+1 + IIHolpII j ^ 

VoS(BP) =VoS3 
VOS(LP) =VoS(N)“VoS2 



. FIGURE 17 


TL/H/5645-12 



4-30 



Applications Information (Continued) 


Mode 2 and Mode 5 


( R2 \ 1 


\Rp ! 1+R2/R4 

1 V0S3 

1 + R4/R2 Q,/1 +R2/R4' 

Rn = R1//R2//R4 


VOS(BP) =VoS3 
VoS{LP) = VoS(N) - VOS2 

Modes 

VOS(HP) =VoS2 
VOS(BP) = VoS3 


Vos(NINV.bp) 

Vos(inv.bp) 

Vos(LP) 


R4 / R2\ 

^(i+^jvosi:Rp=Ri//R3//R4 

P) =('+5)vcs,-^ 


= VoS3 

= Vos(N.INV.BP)-VoS2 


Comments on output DC offsets: For most applications, 
the outputs are AC coupled and the DC offsets are not both- 
ersome unless large input voltage signals are applied to the 
filter. For instance, if the BP output is used and it is AC 
coupled, the remaining two outputs should not be allowed to 
saturate. If so, gain nonlinearities and fo, Q errors will occur. 
For Mode 3 of operation a word of caution is necessary: by 
allowing small R2/R4 ratios and high Q, the LP output will 
exhibit a couple of volts of DC offset and an offset adjust- 
ment should be made. 

An extreme example: Design a 1.76 kHz BP filter with a Q 
of 21 and a gain equal to unity. The MF10 will be driven with 
a 250 kHz clock, and it will be switched 50:1. 


/R2 '\ 

Resistor values: /■ 

I ^VoS3+VoS2 I + 

VI 

DO •« 


R4 fcLK 


X 50 = 0.352;— = 0.124 


R3 1 R3 

— = 21 X = 59.63; — = 1 

R2 0.353 R1 

Since R3/R2^ is the highest resistor ratio, start with 
R2 = 10k, then R3“660k, Rl^OOOk, R4 = 80k. Assuming 
Vosi~2 mV, Vos2~— rnV, Vos3~150 mV, the DC 
offset at the LP output is Vos(LP)= + 1.2V. The offset ad- 
justment will be done by injecting a small amount of current 
into the inverting input of the first op amp. Figure 18. This 
will change the effect Vqsi. but the output DC offset of the 
HP and BP will remain unchanged. 



FIGURE 18. Vos Adjust Scheme 
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Introduction 

Telecommunications is a rapidiy maturing fieid and has 
become an important new area for the appiication of 
semiconductor products. 

With the advent of low-cost silicon electronics, major 
changes in telephone systems have been taking place. 
Just a few years ago, telecommunication circuits con- 
sisted of only a few products: pulse dialers and tone 
dialers. Today, with the emphasis on expanding the capac- 
ity of existing equipment, digitai data is being transmitted 
across telephone lines. New telecommunications prod- 
ucts such as filters, encoders/decoders (CODECs) and 
combined CODEC/filter chips (COMBOs) have been devel- 
oped to'meet these needs. 

The new COMBO chips combine, on a singie chip, the 
complete functions of both the PCM filter and the CODEC. 
In addition, they consume as iittle as 50 mW, and can also 
be put into a 1 mW standby mode. 

Since all telephone systems must have auxiliary power 
sources in the event of loss of electrical power, the new cir- 
cuits in these more complex systems must be especially 
geared toward power conservation. To meet this need. 
National chose microCMOS (a double poly CMOS process). 

The resulting circuits not only consume very little power, 
but also exhibit greatly improved performance. The use of 
microCMOS has also produced smaller and more cost- 
effective die for telecommunications chips— not an easy 
thing to do, considering that these chips combine analog 
signal processing with digital circuitry. 

National’s early use of switched-capacitor filters and a 
microCMOS technology to meet the unique needs of the 
telecommunications industry has received industry-wide 
recognition. The company’s technological leadership is 
acknowledged as having made major contributions to the 
development of the telecommunications field. 




National 

Semiconductor 


TP3020/TP3021 Monolithic CODECs 


General Description 

The TP3020 and TP3021 are monolithic PCM CODECs im- 
plemented with double-poly CMOS technology. The TP3020 
is intended for ;i-law applications and contains logic for ft- 
law signaling insertion and extraction. The TP3021 is intend- 
ed for A-law applications. 

Each device contains separate D/A and A/D circuitry, all 
necessary sample and hold capacitors, a precision voltage 
reference and internal auto-zero circuit. A serial control port 
allows an external controller to individually assign the PCM 
input and output ports to one of up to 32 time slots or to 
place the CODEC into a power-down mode. Alternately, the 
TP3020/TP3021 may be operated in a fixed time slot mode. 
Both devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti-aliasing 
function for the encoder and smoothes the output of the 
decoder and corrects for the sin x/x distortion introduced by 
the decoder sample and hold output. 


Features 

■ Low operation power — 45 mW typical 

■ Low standby power — 1 mW typical 

■ ±57 operation 

a TTL compatible digital interface 

■ Time slot assignment or alternate fixed time slot modes 

■ Internal precision reference 

■ Internal sample and hold capacitors 

■ Internal auto-zero circuit 

■ TP3020 — jLi-law coding with signaling capabilities 
a TP3021 — A-law coding 

□ Synchronous or asynchronous operation 
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Absolute Maximum Ratings 

Operating Temperature -25°Cto+ 125°C 

Storage Temperature -65°Cto + 150°C 

Vcc with Respect to GNDD 7V 


V 3 g with Respect to GNDD -7\J 

Voltage at Any Analog 

Input or Output Vbb - 0.3V to Vcc + 0.3V 

Voltage at Any Digital 

Input or Output GNDD -0.3V to Vcc + 0.3V 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics Unless otherwise noted Ta = 0°C to 70°C, Vcc 5.0V ±5%, 

Vbb= -5.0V ±5%. Typical characteristics are specified at Vcc=5.0V, Vbb= -5.0V and Ta= 25°G. All digital signals are 
referenced to GNDD. All analog signals are referenced to GNDA. 


Symbol [ Parameter | Conditions | Min | Typ [ Max | Units 

DIGITAL INTERFACE 


ll 

Input Current 

0<V|M<Vcc 

V|L 

Input Low Voltage 


VlH 

Input High Voltage 


Vql 

Output Low Voltage 

Dx,Iol= 4.0 mA 

SIGr, Iql — 0.5 niA 



TSx, Iql = 3-2 nfiA, Open Drain 
PDN,Iol = 1.6 mA 



Output High Voltage 

Dx. Ioh = 6 mA 

mM 


SIGr, Iqh— 6-6 mA 

EH 



ANALOG INTERFACE 


Z| 

VFx Input Impedance when 
Sampling 

Zo 

Output Impedance at VFr 

Vos 

Output Offset Voltage at VFr 

•in 

Analog Input Bias Current 

R1 X Cl 

DC Blocking Time Constant 

Cl 

DC Biocking Capacitor 

R1 

input Bias Resistor 


Resistance in Series with 
Approximately 70 pF 

-3.1V<VFr<3.1V 

Dr = PCM Zero Code (TP3020) 
or Alternating ± 1 Code(TP3021) 

V|N=0V 



- 0.1 

4.0 

0.1 


POWER DISSIPATION 


Icco 

Standby Current, Vcc 

■bbo 

Standby Current, Vbb 

Icci 

Operating Current, Vcc 

Ibbi 

Operating Current, Vbb 






















































































AC EiBCtriCSl Ch3r3Ct6ristiCS unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wave. 
The digital input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output 

levels are sin x/x corrected. 





Symbol 

Parameter 

Conditions 

Min 

Typ Max 

Units 


Absolute Level 

The nominal 0 dBmO levels for 
the TP3020 and TP3021 are 

1.520 Vrms and 1.525 Vrms 
respectively. The resulting 
nominal overload level is 3.096V 
peak for both devices. All gain 
measurements for the encode 
and decode portions of the 
TP3020/TP3021 are based on 
these nominal levels after the 
necessary sin x/x corrections are 
made. 




Gra 

Receive Gain, Absolute 

T = 25°C. Vcc = 5V. Vbb= -5V 





TP3020, TP3021 

-0.125 

0.125 

dB 


TP3020-1, TP3021-1 


-0.175 

0.175 

dB 

Grat 

Absolute Receive Gain 

Variation with Temperature 

T = 0°Cto70°C 

-0.05 

0.05 

dB 

Grav 

Absolute Receive Gain 

Vcc = 5V ±5%, 

- 0.07 ' 

0.07 

dB 

Variation with Supply Voltage 

Vbb = - 5V ± 5% 




Gxa 

Transmit Gain, Absolute 

T = 25°C, Vcc = 5V, Vbb= -5V 





TP3020, TP3021 

-0.325 

- 0.075 

dB 


TP3020-1, TP3021-1 


-0.375 

- 0.025 

dB 

Gxat 

Absolute Transmit Gain 
Variation with Temperature 

T = 0°Cto70°C 

-0.05 

0.05 

dB 

Gxav 

Absolute Transmit Gain 

Vcc = 5V ±5%, 

-0.07 

0.07 

dB 

Variation with Supply Voltage 

Vbb=-5V±5% 




Oral 

Absolute Receive Gain 

CCITT Method 2 Relative 




Variation with Level 

to - 10 dBmO 






0 dBmO to 3 dBmO 

-0.3 

0.3 

dB 



-40 dBmO to 0 dBmO 

- 0.2 

0.2 

dB 



-50 dBmO to -40 dBmO 

■ -0.4 

0.4 

dB 



-55 dBmO to -50 dBmO 

-1.0 

1.0 

dB 

Gxal 

Absolute Transmit Gain 

CCITT Method 2 Relative 




Variation with Level 

to - 10 dBmO 






0 dBmO to 3 dBmO 

-0.3 

0.3 

dB 



-40 dBmO to 0 dBmO 

-0.2 

0.2 

dB 



-50 dBmO to -40 dBmO 

-0.4 

0.4 

dB 



- 55 dBmO to - 50 dBmO 

-1.0 

1.0 

dB 

S/Dr 

Receive Signal to Distortion 

Sinusoidal Test Method Input 





Ratio 

Level 






- 30 dBmO to 0 dBmO 

35 


dBc 



-40 dBmO 

29 


dBc 



-45 dBmO 

25 


dBc 

S/D, 

Transmit Signal to Distortion 

Sinusoidal Test Method Input 





Ratio 

Level 






-30 dBmO to 0 dBmO 

35 


dBc 



-40 dBmO 

29 


dBc 



-45 dBmO 

25 


dBc 

Nr 

Receive Idle Channel Noise 

Dp = Steady State PCM Code 


6 

dBrncO 

Nx 

Transmit Idle Channel Noise 

TP3020, VFx = 0V (No Signaling) 


13 

dBrncO 



TP3021, VFx = 0V 


-66* 

dBrnOp 

HDr 

Receive Harmonic Distortion 

2nd or 3rd Harmonic 


-47 

dB 

HDx 

Transmit Harmonic Distortion 

2nd or 3rd Harmonic 


-47 

dB 
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TP3020/TP3021 


AC Electrical Characteristics (Continued) Unless otherwise noted, the analog input is a 0 dBmO, 1 .02 kHz 
sine wave. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. 
All output levels are sin x/x corrected. 


Symbol 

Parameter 

Conditions 

PPSRx 

Positive Power Supply 

Rejection, Transmit 

I nput Level = OV, Vcc =5.0 Vqc 
+ 200 mVrms, f = 1 .02 kHz 

PPSRr 

Positive Power Supply 

Rejection, Receive 

Dr = Steady PCM Code, 

Vcc=5.0 Vqc + 200 mVrms, 
F=1.02 kHz 

NPSRx 

Negative Power Supply 
.Rejection, Transmit 

Input Level = 0 V,Vbb= -5.0 Vdc 
+ 200 mVrms, f= 1.02 kHz 

NPSRr 

Negative Power Supply 
Rejection, Receive 

Dr = Steady PCM Code, 

Vbb= — 5.0 Vqc + 200 mVrms, 
f= = 1.02 kHz 

CTxr 

Transmit to Receive Crosstalk 

Dr = Steady PCM Code 

CTrx 

Receive to Transmit Crosstalk 

T ransmit Input Level = OV 

TP3020 

TP3021 



•Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due to the decoding law. 


Timing Specification unless otherwise noted, Ta= 0‘'C to 70°^ Vcc=5.0±5%, Vbb= -5.0±5%. All digital 
signals are referenced to GNDD and measured at V|l and V|h levels as indicated in the Timing Waveforms. 


Symbol 

Parameter 

Conditions 

Min 

tpc 

Period of Clock 

CLKc, CLKr, CLKx 

485 

tRC. tPC 

Rise and Fall Time of Clock 

CLKc, CLKr, CLKx 


twCH 

Width of Clock High 

CLKc, CLKr, CLKx 

165 

tWCL 

Width of Clock Low 

CLKc, CLKr, CLKx 

165 

tA/D 

A/D Conversion Time 

From End of Encoder Time 

Slot to Completion of 
Conversion 


to/A 

D/A Conversion Time 

From End of Decoder Time 
Slot to Transition of VFr 


tSDC 

Set-Up Time, Dc to CLKc 


100 

tHDC 

Hold Time, CLKq to DC 


100 

tSFC 

Set-Up Time, FSx or CLKx 


100 

tHFX 

Hold Time, CLKx to FSx 

^ Cl=150pF 

100 

tozx 

Delay Time to Enable Dx on 

TS Entry 

25 

tODX 

Delay Time, CLKx to Dx 

Cl = 150 pF 


toxz 

Delay Time, Dx to High 
Impedance State on TS Exit 

Cl=0pF 

50 

tOTSL 

Delay to TSx Low 

0^Cl^150pF 

30 

tOTSH 

Delay to TSx Off 

Cl = 0pF 

30 

tssx 

Set-Up Time, SIGx to CLKx 


100 

tHSX 

Hold Time, CLKx to SIGx 


100 

tSFR 

Set-Up Time, FSr to CLKr 


100 

tHFR 

Hold Time, CLKr to FSr 


100 

tSDR 

Set-Up Time, Dr to CLKr 


40 

tRDR 

Hold Time, CLKr to Dr 


30 

toSR 

Delay Time, CLKr to SIGr 

Cl= 100 pF 



Max 

Units 


ns 

30 

ns 


ns 


ns 

16 

Time 


Slots 

2 

Time 


Slots 


ns 


ns 


ns 


ns 

125 

ns 

125 

ns 

165 

ns 

185 

ns 

185 

ns 


ns 


ns 


ns 


ns 


ns 


ns 

300 

ns 
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TP3020/TP3021 


Connection Diagrams 

Dual-In-Line Package 


Order Number sigr 

TP3020J, TP3020J-1 
See NS Package J24A xc 



Dual-In-Line Package 



CLKx 

Order Number 
fsr TP3021J, TP3021J-1 
See NS Package J22A 

CLKr 


Description of Pin Functions 

TP3020 

Pin No. Name Function 

1 SC1 Internally connected to GNDA. 

2 SC2 Connects VFx to an external sample/ 

hold capacitor if fitted for use with pin- 
compatible NMOS CODECs. Endures 
gain compatibility. 

3 VFx Analog input to the encoder. This 

signal will be sampled at the end of the 
encoder time slot and the resulting 
PCM code will be shifted out during 
the subsequent encode time slot. 

4 NC Unused 

5 GNDA Analog ground. All analog signals are 

referenced to this pin. 

6 SIGp Receive signaling bit output. During 

receive signaling frames the least sig- 
nificant (last) bit shifted into Dp is in- 
ternally latched and appears at this 
output — SIGp will then remain valid 
until changed during a subsequent 
receive signaling frame or reset by a 
power-down command. 

7 NC Unused 

8 Dp Serial PCM data input to the decoder. 

During the decoder time slot, PCM 
data is shifted into Dp, most signifi- 
cant bit first, on the falling edge of 
CLKp. 

9 PDN TTL output level which goes high when 

the CODEC is in the power-down 
mode. May be used to power-down 
other circuits associated with the 
PCM channel. Can be wire ANDeci with 
other PDN outputs. 


TP3020 (Continued) 
Pin No. Name 


Function 

Analog output from the decoder. The 
deboder sample and hold amplifier is 
updated approximately 1 5 juS after the 
end of the decode time slot. 

Unused 

Unused 

Digital ground. All digital levels are ref- 
erenced to this pin. 

Serial CM TRI-STATE® output from 
the encoder. During the encoder time 
slot, the PCM code for the previous 
sample of VFx 'S shifted out, most 
significant bit first, on the rising edge 
of CLKx. 

Time slot output. This TTL compatible 
open-drain output pulses low during 
the encoder time slot. May be used to 
enable external TRI-STATE® bus driv- 
ers if highly capacitive loads must be 
driven. Can be wire ANDed with other 
TSx outputs. 

5V(±5%) input. 

Master decoder clock input used to 
shift in the PCM data on Dr and to 
operate the decoder sequencer. May 
operate at 1 .536 MHz, 1 -544 MHz or 
2048 MHz. May be asynchronous with 
CLKx or CLKc. 

Decoder frame sync pulse. Normally 
occurring at an 8 kHz rate, this pulse is 
nominally one CLKr cycle wide. 
Extending the width of FSr to two or 
more cycles of CLKr signifies a 
receive signaling frame. 
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Description of Pin Functions (Continued) 

TP3020 (Continued) 

Pin No. Name Function 

1 9 CLKx Master encoder clock input used to 

shift out the PCM data on Dx and to 
operate the encoder sequencer. May 
operate at 1 .536 MHz, 1 .544 MHz or 

2.048 MHz. May be asynchronous with 
CLKr or CLKc- 

20 FSx Encoder frame sync pulse. Normally 

occurring at an 8 kHz rate, this pulse is 
nominally one CLKx cycle wide. Ex- 
tending the width of FSx to two or 
more cycles of CLKx signifies a 
transmit signaling frame. 

21 SIGx Transmit signaling input. During a 

transmit signaling frame, the signal at 
SIGx is shifted out of Dx in place of the 
least significant (last) bit of PCM data. 

22 Vbb -5V (±5%) input. 

23 Dc Serial control data input. Serial data 

on Dc is shifted into the CODEC on the 
falling edge of CLKg. In the fixed time 
slot mode, Dc doubles as a power- 
down input. 

24 CLKc Control clock input used to shift serial 

control data into Dc. CLKc must pulse 
8 times during a period of time less 
than or equal to one frame time, 
although the 8 pulses may overlap a 
frame boundary. CLKc need not be 
synchronous with CLKx c CLKr. 
Connecting CLKc continuously high 
places the TP3020/TP3021 into the 
fixed time slot mode. 

TP3021 

Pin No. Name Function 

1 SCI Internally connected to GNDA. 

2 SC2 Connects VFx to an external sample/ 

hold capacitor if fitted for use with pin- 
compatible NMOS CODECs. Ensures 
gain compatibility. 

3 VFx Analog input to the encoder. This 

signal will be sampled at the end of the 
encoder time slot and the resulting 
PCM code will be shifted out during 
the subsequent encode time slot. 

4 NC Unused 

5 GNDA Analog ground. All analog signals are 

referenced to this pin. 

6 NC Unused 

7 Dr Serial PCM data input to the encoder. 

During the decoder time slot, PCM 
data is shifted into Dr, most signifi- 
cant bit first, on the falling edge of 
CLKr. 

8 PDN Open drain output which turns off 

when the CODEC is in the power-down 
mode. May be used to power-down 
other circuits associated with the 
PCM channel. Can be wire ANDed with 
other PDN outputs. 


TP3021 (Continued) 

Pin No. Name Function 

9 VFr Analog output from the decoder. The 

decoder sample and hold amplifier is 
updated approximately 1 5 pS after the 
end of the decode time slot. 

10 NC Unused 

11 NC Unused 

12 GNDD Digital ground. All digital levels are 

referenced to this pin. 

13 Dx Serial PCM TRI-STATE® output from 

the encoder. During the encoder time 
slot, the PCM code for the previous 
sample of VFx is shifted out, most 
significant bit first, on the rising edge 
of CLKx. 

1 4 TSx Time slot output. This TTL compatible 

open-drain output pulses low during 
the encoder time slot. May be used to 
enable external TRI-STATE® bus 
drivers if highly capacitive toads must 
be driven. Can be wire ANDed with 
other TSx outputs. 

15 Vcc (5V ±5%) input. 

1 6 CLKr Master decoder clock input used to 

shift in the PCM data on Dr and to 
operate the decoder sequencer. May 
operate at 1 .536 MHz, 1 .544 MHz or 

2.048 MHz. May be asynchronous with 
CLKx or CLKc. 

17 FSr Decoder frame sync pulse. Normally 

occurring at an 8 kHz rate, this pulse is 
nominally one CLKr cycle wide. 

18 CLKx Master encoder clock input used to 

shift out the PCM data on Dx and to 
operate the encoder sequencer. May 
operate at 1.536 MHz 1.544 MHz, or 

2.048 MHz. May be asynchronous with 
CLKr or CLKc- 

1 9 FSx Encoder frame sync pulse. Normally 

occurring at an 8 kHz rate, this pulse is 
nominally one CLKx cycle wide. 

20 Vbb -5V (±5%) input. 

21 Dc Serial control data input. Serial data 

on Dc is shifted into the CODEC on the 
falling edge of CLKc. In the fixed time 
slot mode, Dc doubles as a power- 
down input. 

22 CLKc Control clock input used to shift serial 

control data into Dc- CLKc must pulse 
8 times during a period of time less 
than or equal to one frame time, 
although the 8 pulses may overlap a 
frame boundary. CLKc need not be 
synchronous with CLKx or CLKr. 
Connecting CLKc continuously high 
places the TP3020/TP3021 into the 
fixed time slot mode. 
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TP3020/TP3021 


Functional Description 

Power-Up 

Upon application of power, internal circuitry initializes the 
CODEC and places it into the power-down mode. No se- 
quencing of 5V or -5V is required. In the power-down 
mode, all non-essential circuits are deactivated, the TRI- 
STATE® PCM data output Dx is placed In the high imped- 
ance state and the receive signaling output of the TP3020, 
SIGr, is reset to logical zero. Once in the power-down 
mode, the method of activating the TP3020/TP3021 de- 
pends on the chosen mode of operation, time slot assign- 
ment or fixed time slot. 

Time Slot Assignment Mode 

The time slot assignment mode of operation is selected by 
maintaining CLKc in a normally low state. The state of the 
CODEC is updated by pulsing CLKc eight times within a 
period of 125 jaS or less. The falling edge of each clock 
pulse shifts the data on the Dc input into the CODEC. The 
first two control bits determine if the subsequent control bits 
B3-B8 are to specify the time slot for the encoder (B1 =0), 
the decoder {B2 = 0) or both (B1 and B2 = 0) or if the CO- 
DEC is to be placed into the power-down mode (B1 and 
B2= 1). The desired action will take place upon the occur- 
rence of the second frame sync pulse following the first 
pulse of CLKc. Assigning a time slot to either the encoder or 
decoder will automatically power-up the entire CODEC cir- 
cuit. The Dx output and Dr input, however, will be inhibited 
for one additional frame to allow the analog circuitry time to' 
stabilize. If separate time slots are to be assigned to the 
encoder and the decoder, the encoder time slot should be 
assigned first. This is necessary because up to four frames 
are required to assign both time slots separately, but only 
three frames are necessary to activate the Dx output. If the 
encode time slot has not been updated the PCM data will be 
outputted during the previously assigned time slot which 
may now be assigned to another CODEC. 

Fixed Time Slot Mode 

There are several ways In which the TP3020/TP3021 may 
operate in the fixed time slot mode. The first and easiest 
method is to leave CLKc disconnected or to connect CLKc 
to Vcc- In this situation, Dc behaves as a power-down input. 
When Dc goes low, both encode and decode time slots are 
set to one on the second subsequent frame sync pulse. 
Time slot one corresponds to the eight CLKx or CLKr cy- 
cles starting one cycle from the nominal leading edge of 
FSx or FSr respectively. As In the time slot assignment 
mode, the Dx output is inhibited for one additional frame 
after the circuit is powered up. A logical “1” on Dc powers 
the CODEC down on the second subsequent FSx pulse. 

A second fixed time slot method is to operate CLKc continu- 
ously. Placing a “1” on Dc will then cause the serial control 
register to fill up with ones. With B1 and B2 equal to “1” the 
CODEC will power-down. Placing a “0” on Dc will cause the 
serial control register to fill up with zeroes, assigning time 
slot one to both the encoder and decoder and powering up 
the device. One important restriction with this method of 
operation is that the rising transition of Dc must occur at 
least 8 cycles of CLKc Prior to FSx. if this restriction is not fol- 
lowed, it is possible that on the frame prior to power-down, the 
encoder could be assigned to an Incorrect time slot (e.g., 
1, 3, 7, 15 or 31), resulting in a possible PCM bus conflict. 


Serial Control Port 

When the TP3020/TP3021 is operated in the time slot as- 
signment mode or the fixed time slot mode with continuous 
clock, the delta on Dc is shifted into the serial control regis- 
ter, bit 1 first. In the time slot assignment mode, depending 
on B1 and B2, the data' in the RCV or XMT time slot regis- 
ters is updated at the second FSr or FSx Pulse after the 
first CLKc pulse, or the CODEC is powered down. In the 
continuous clock fixed time slot mode, the CODEC is pow- 
ered up or down at every second FSr or FSx pulse. The 
control register data is interpreted as follows: 


B1 

B2 

Action 

0 

0 

Assign time slot to encoder and decoder 

0 

1 

Assign time slot to encoder 


1 

0 

Assign time slot to decoder 


1 

1 

Power-down CODEC 


B3 

B4 

B5 

B6 

B7 

B8 

Time Slot 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

1 

0 

3 

0 

0 

0 

0 

1 

1 

4 

1 

1 

1 

1 

1 

0 

63 

1 

1 

1 

1 

1 

1 

64 


During the power-down command, bits 3 through 8 are ig- 
nored. Note that with 64 possible time slot assignments it is 
frequently possible to assign a time slot which does not 
exist. This can be useful to disable an encoder or decoder 
without powering down the CODEC. 

Signaling 

The TP3020 ju,-law CODEC contains circuitry to insert and 
extract signaling information for the PCM data. The transmit 
signaling frame is signified by widening the FSx pulse from 
one cycle of CLKx fo two or more cycles. 

When this occurs, the data present on the SIGx input at the 
eighth clock pulse of the encode time slot is inserted into 
the last bit of the PCM data stream. A receive signaling 
frame is indicated in a similar fashion by widening the FSr 
pulse to two or more cycles of CLKr. 

During a receive signaling frame, the last PCM bit shifted in 
is latched into a flip-flop and appears at the SIGr output. 
This output will remain unchanged until the next signaling 
frame, until a power-down is executed or until power Is re- 
moved from the device. Since the least significant bit of the 
PCM data is lost during a signaling frame, the decoder inter- 
prets the bit as a “Vk" (i.e., half way between a “0” 
and a “1”). This minimizes the noise and distortion due to 
the signaling. 
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Functional Description (Continued) 


Encoding Delay 

The encoding process begins immediately at the end of the 
encode time slot and is concluded no later than 17 time 
slots later. In normal applications, this PCM data is not shift- 
ed out until the next time slot 125 fiS later, resulting in an 
encoding delay of 125 p.S. In some applications it is possi- 
ble to operate the CODEC at a higher frame rate to reduce 
this delay. With a 2.048 MHz clock, the FS rate could be 
increased to 15 kHz reducing the delay from 125 }iS to 67 
HS. 

Decoding Delay 

The decoding process begins immediately after the end of 
the decoder time slot. The output of the decoder sample 
and hold amplifier is updated 28 CLKr cycles later. 

Typical Application 


The decoding delay is therefore approximately 28 clock cy- 
cles plus one half of a frame time or 81 /j.S for a 1.544 MHz 
system with an 8 kHz frame rate or 76 ^iS for a 2.048 MHz 
system with an 8 kHz frame rate. Again, for some applica- 
tions the frame rate could be increased to reduce this delay. 

Typical Application 

A typical application of the TP3020/TP3021 used in con- 
junction with the TP3040 PCM filter is shown. The values of 
resistor R1 and DC blocking capacitor Cl, are non-critical. 
The capacitor value should exceed 0.1 /xF, R1 should not 
exceed 160 kfl, and the product R1 x Cl should exceed 4 
rms. 



TL/H/5538-5 

The power supply decoupling capacitors should be 0.1 ftF. In order to take advantage of the excellent noise performance of the TP3020/TP3021/TP3040, 
care must be taken in board layout to prevent coupling of digital noise into the sensitive analog lines. 

*The external sample/hold capacitor required for use with pin-compatible NMOS CODECs introduces attenuation due to the capacitive divider formed with Cl. 
The SC pins connect VF^ to this sample/hold capacitor (via a 300fl resistor) to ensure gain compatibility. The TP3020/TP3021 itself does not require an exter- 
nal sample/hold capacitor. 
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TP3040/TP3040A 


^ National 


Semiconductor 

V 7 


microCMOS 


TP3040/TP3040A PCM Monolithic Filter 


General Description 

The TP3040/TP3040A filter is a monolithic circuit contain- 
ing both transmit and receive filters specifically designed 
for PCM CODEC filtering applications in 8 kHz sampled 
systems. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are 
used to simulate classical LC ladder filters which exhibit 
low component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200 Hz and above 3.4 kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of the 
sampling process, is a stair-step signal having the 
inherent sin x/x frequency response. The receive filter 
approximates the function required to compensate forthe 
degraded frequency response and restore the flat pass- 
band response. 


Features 

■ Exceeds all D3/D4 and CCITT specifications 

■ -I- 5V, -5V power supplies 

■ Low power consumption: 

45 mW (0 dBmO into 6000) 

30 mW (power amps disabled) 

■ Powerdown mode: 0.5 mW 

■ 20 dB gain adjust range 

■ No external anti-aliasing components 

■ Sin x/x correction in receive filter 

■ 50/60 Hz rejection In transmit filter 

■ TTL and CMOS compatible logic 

■ All inputs protected against static discharge due to 
handling 


Block and Connection Diagrams 


GSx 



PWRI VF^O Vcc Vbb GNDO GNDA PON 


Order Number TP3040J or TP3040AJ 
See NS Package J16A , 

Order Number TP3040N or TP3040AN 
See NS Package N16A 
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Absolute Maximum Ratings 

Supply Voltages ±7V 

Power Dissipation 1 W/Package 

Input Voltage ±7V 

Output Short-Circuit Duration Continuous 

Operating Temperature Range - 25°C to -t- 125‘'C 

StorageTemperature -65°Cto -i-150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics 

Unless otherwise noted, Ta = 0°C to 70°C, Vcc = 5.0V±5%, Vbb= -5.0V±5%, clock frequency is 2.048 MHz. Typical 
parameters are specified at T^ = 25°C, Vcc = 5.0V, Vbq = - 5.0V. Digital interface voltages measured with respect to digital 
ground, GNDD. Analog voltages measured with respect to analog ground, GNDA. 


Symbol 


POWER DISSIPATION 


Conditions 


Max Units 


cco 

Vcc Standby Current 

PDN = VcQ, Power Down Mode 

BBO 

Vbb Standby Current 

PDN = Vqd, Power Down Mode 

CC1 

Vcc Operating Current 

PWRI = Vbb. Power Amp Inactive 

BB1 

Vbb Operating Current 

PWRI = Vbb. Power Amp Inactive 

CC2 

Vcc Operating Current 

Note 1 

BB2 

Vbb Operating Current 

Note 1 




DIGITAL INTERFACE 


l|NC 

Input Current, CLK 

Vbb^VinsVcc 

-10 

IlNP 

Input Current, PDN 

Vbb^Vin^Vcc 

-100 

l|N0 

Input Current, CLKO 

Vbb sV|N< Vcc -0.5V 

-10 

V|L 

Input Low Voltage, CLK, PDN 


0 

V|H 

Input High Voltage, CLK, PDN 


2.2 

VlLO 

Input Low Voltage, CLKO 


Vbb 

V|io 

Input Intermediate Voltage, CLKO 


-0.8 

V|H0 

Input High Voltage, CLKO 


Vcc- 0.5 



10 

pA 


/^A 

-0.1 

pA 

0.8 

V 

< 

O 

o 

V 

Vbb+0.5 

V 

0.8 

V 

< 

o 

o 

V 


TRANSMIT INPUT OP AMP 


IBJ 


Input Leakage Current, VF^I 

VbbsVF,I<Vcc 

-100 


100 

nA 

Input Resistance, VF^I 

VbbsVF,I<Vcc 

10 



MD 

Input Offset Voltage, VF^I 

-2.5V <V|N<-f 2.5V 

-20 


20 

mV 

Common-Mode Range, VF^I 


-2.5 


2.5 

V 

Common-Mode Rejection Ratio 

- 2.5V <V|N< 2.5V 

60 



dB 

Power Supply Rejection of Vcc 
or Vbb 


60 



dB 

Open Loop Output Resistance, 

GS, 



1 


kf] 

Minimum Load Resistance, GS^ 


10 



kfi 

Maximum Load Capacitance, GS^ 




100 

PF 

Output Voltage Swing, GS^ 

RL>10k 

±2.5 



V 

Open Loop Voltage Gain, GS^ 

RL^rlOk 

5,000 



V/V 

Open Loop Unity Gain Bandwidth, 
GS, 





MHz 
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TP3040/TP3040A 


AC Electrical Characteristics 

Unless otherwise specified, Ta = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. TheO dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

TRANSMIT FILTER (Transmit filter input op amp set to the non-inverting unity gain mode, with VF^I = 1.09 Vrms unless other- 

wise noted.) 






RLx 

Minimum Load Resistance, VF,0 

- 2.5V <VouT< 2.5V 

3 



kn 



- 3.2 V <VouT< 3.2 V 

10 * 



kn 

CL, 

Load Capacitance, VF,© 



H 

100 

PF 

RO, 

Output Resistance, VF,0 



B 

3 

u 

PSRR1 

Vcc Power Supply Rejection, VF,0 

f = 1 kHz, VF,I+ =0Vrms 

30 

B 


dB 

PSRR2 

VgB Power Supply Rejection, VF,0 

Same as Above 

35 



dB 

GA, 

Absolute Gain 

f = 1 kHz (TP3040A) 

2.9 


3.1 

dB 



f = 1 kHz (TP3040) 

2.875 


3.125 

dB 

GR, 

Gain Relative to GA, 

Below 50 Hz 



-35 

dB 


' 

50 Hz 


-41 

-35 

dB 



60 Hz 


-35 

-30 

dB 



200 Hz (TP3040A) 

-1.5 


0 

dB 



200 Hz {TP3040) 

-1.5 


0.05 

dB 



300 Hzto3kHz(TP3040A) 

- 0.125 


0.125 

dB 



300 Hz to 3 kHz (TP3040) 

-0.15 


0.15 

dB 


' 

3.3 kHz 

-0.35 


0.03 

• dB 



3.4 kHz 

-0.70 


-0.1 

. dB 



4.0 kHz 


-15 

-14 

dB 



4.6 kHz and Above 



-32 

dB 

DA, 

Absolute Delay at 1 kHz 




230 

jxS 

DD, 

Differential Envelope Delay from 




60 

HS 


1 kHz to 2.6 kHz 






DP,1 

Single Frequency Distortion 




-48 

dB 


Products 






DP,2 

Distortion at Maximum Signal 

0.16 Vrms, 1 kHz Signal Applied to 



-45 

dB 


Level 

VF,l + ,Gain = 20dB, RL = 10k 





NC,1 

Total C Message Noise at VF,0 



2 

5 

dBrncO 

NC,2 

Total C Message Noise at VF,0 

Gain Setting Op Amp at 20 dB, 


3 

6 

dBrncO 



Non-Inverting, Note 3 







Ta = 0°C to TO'C 





GA,T 

Temperature Coefficient of 



0.0004 


dB/°C 


1 kHz Gain 






GA,S 

Supply Voltage Coefficient of 

Vcc = 5.0V ±5% 


0.01 


dB/V 


1 kHz Gain 

Vbb= -5.0V ±5% 





CTrx 

Crosstalk, Receive to Transmit 

Receive Filter Output = 2.2 Vrms 



-70 

dB 



VF,I -t- = 0 Vrms, f = 0.2 kHz to 3.4 kHz 






«n Inn 

20 log 

VFrO 

Measure VFxO 





GR,L 

Gaintracking Relative to GA, 

Output Level = -f 3 dBmO 

-0.1 


0.1 

dB 



+ 2 dBmO to - 40 dBmO 

-0.05 


0.05 

dB 



- 40 dBmO to - 55 dBmO 

-0.1 


0.1 

dB 
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AC Electrical Characteristics 

Continued) 





Unless otherwise specified, = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 

assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVE FILTER (Unless otherwise noted, the receive filter is preceded by a sin x/x filter with an input signal level of 

1.54 Vrms.) 






IBr 

Input Leakage Current, VFrI 

- 3.2V <V|N< 3.2V 

-100 


100 

nA 

RIr 

Input Resistance, VFrI 


10 



MU 

ROr 

Output Resistance, VFrO 



1 

3 

fi 

CLr 

Load Capacitance, VFrO 




100 

PF 

RLr 

Load Resistance, VFrO 


10 



kU 

PSRR3 

Power Supply Rejection of Vcc or 

VFrI Connected to GNDA 

35 



dB 


Vbbi VFrO 

f=1 kHz 





VOSrO 

Output DC Offset, VFrO 

VFrI Connected to GNDA 

-200 


200 

mV 

GAr 

Absolute Gain 

f = 1 kHz (TP3040A) 

-0.1 

0 

0.1 

dB 



f = 1 kHz (TP3040) 

-0.125 

0 

0.125 

dB 

GRr 

Gain Relative to Gain at 1 kHz 

Below 300 Hz 



0.125 

dB 



300 Hz to 3.0 kHz (TP3040A) 

-0.125 


0.125 

dB 



300 Hz to 3.0 kHz (TP3040) 

-0.15 


0.15 

dB 



3.3 kHz 

-0.35 


0.03 

dB , 



3.4 kHz 

-0.7 


-0.1 

dB 



4.0 kHz 



-14 

dB 



4.6 kHz and Above 



-32 

dB 

DAr 

Absolute Delay at 1 kHz 




100 

/‘S 

DDr 

Differential Envelope Delay 1 kHz 
to 2.6 kHz 




100 

;iS 

DPrI 

Single Frequency Distortion 
Products 

f = 1kHz 



-48 

. dB 

DPr2 

Distortion at Maximum Signal 

2.2 Vrms Input to Sin x/x Filter, 



-45 

dB 


Level 

f = 1 kHz, RL=10k 





NCr 

Total C-Message Noise at VFrO 



3 

5 

dBrncO 

GArT 

Temperature Coefficient of 1 kHz 
Gain 



0.0004 


dBrc 

GArS 

Supply Voltage Coefficient of 

1 kHz Gain 



0.01 


dB/V 

CTxr 

Crosstalk, Transmit to Receive 

VFrO 

20 log — — 

VF^O 

Transmit Filter Output = 2.2 Vrms 

VFrI = 0 Vrms, f = 0.3 kHz to 3.4 kHz 
Measure VFrO 



-70 

dB 

GRrL 

Gaintracking Relative to GAr 

Output Level = + 3 dBmO 

-0.1 


0.1 

dB 



+ 2 dBmO to - 40 dBmO 

-0.05 


0.05 

dB 



- 40 dBmO to - 55 dBmO 

Note 5 

-0.1 


0.1 

dB 
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TP3040/TP3040A 


AC Electrical Characteristics 

(Continued) 





Unless otherwise specified, Ta = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 

assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVE OUTPUT POWER AMPLIFIER 

IBP 

Input Leakage Current, PWRI 

- 3.2V <V,N< 3.2V 

0.1 


3 

^a“’ 

RIP 

Input Resistance, PWRI 


10 



Mfi 

ROP1 

Output Resistance, PWRO + , 
PWRO - 

Amplifiers Active 


1 


n 

CLP 

Load Capacitance, PWRO-f, 
PWRO - 




500 

PF 

GAp + 

Gain, PWRI to PWRO-f 

Rl = 600Q Connected Between 


1 


v/v 

GAp ” 

Gain, PWRI to PWRO- 

PWRO -F and PWRO - , Input 

Level =0 dBmO (Note 4) 


-1 


v/v 

GRpL 

Gaintracking Relative to 0 dBmO 

V = 2.05 Vrms, RL = 600n„^, . , 

V = 1.75 vrms, rU 3000 

-0.1 


0.1 

dB 


Output Level, Including 

-0.1 


0.1 

dB 


Receive Filter 






S/Dp 

Signal/Distortion ' 

V = 2.05 Vrms, RL=600n 

V = 1.75 Vrms, RL = 300n'^ ' ’ ' 



-45 

dB 





-45 

dB 

VOSP 

Output DC Offset, PWRO-f, 
PWRO- 

PWRI Connected to GNDA 

-50 


50 

mV 

PSRR5 

Power Supply Rejection of Vqc 
or Vbb 

PWRI Connected to GNDA 

45 



dB 


Note 1: Maximum power consumption wiil depend on the ioad impedance connected to the power ampiifier. The specification iisted assumes 0 dBm is 
deiivered to 600!) connected from PWRO+ toPWRO-. 

Note 2: Voltage input to receive fi iter at OV, VFrO connected to PWRI, 600n from PWRO + to PWRO Output measured from PWRO + to PWRO 
Note 3: The 0 dBmO ievei for the fiiter is assumed to be 1.54 Vrms measured at the output of the XMT or RCV fiiter. 

Note 4: The 0 dBmO ievei for the power ampii tiers is ioad dependent. For RL = 600n to GNDA, the 0 dBmO ievei is 1.43 Vrms measured at the amplifier output. 
For Rl = 300f! the 0 dBmO Ievei is 1.22 Vrms. 

Notes: VFrO connected to PWRi, input signai appiied to VFpi. 


Typical Application 


R2 Rt 



Nole1: Transmit voitage gain = x V^(Thefilterltself introducesa3dBgain),(R1 + R2>10k) 

R2 

Note2: Receivegain= — 122 — 

“ R3 + R4 

{P3+R4>10k) 

Note 3: In the configuration shown, the receive fiiter power amplifiers will drive aSOOnT to R termination to a maximum signal level of 8.5 dBm. An alternative 
arrangement, using a transformer winding ratio equivaient to 1.414:1 and 30012 resistor, Rs, will provide a maximum signal level of 10.1 dBm across a 60012 
termination impedance. 

FIGURE 2 
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Description of Pin Functions 


Pin 


No. 

Name 

Function 

1 

VF,I + 

The non-inverting input to 
the transmit filter stage. 

2 

VF,1- 

The inverting input to the 
transmit filter stage. 

3 

GS, 

The output used for gain 
adjustments of the transmit 
filter. 

4 

VFrO 

The low power receive filter 
output. This pin can directly 
drive the receive port of an 
electronic hybrid. 

5 

PWRI 

The input to the receive filter 
differential power amplifier. 

6 

PWRO + 

The non-inverting output of 
the receive filter power 
amplifier. This output can 
directly interface conven- 
tional transformer hybrids. 

7 

PWRO- 

The inverting output of the 
receive filter power amplifier. 
This output can be used with 
PWRO-f to differentially 
drive a transformer hybrid. 

8 

Vbb 

The negative povjer supply 
pin. Recommended input is 
-5V. 

9 

Vcc 

The positive power supply 
pin. The recommended input 
is5V. 

10 

VFrI 

The input pin for the receive 
filter stage. 


Typical Performance Characteristics 


Transmit FiitorStago 



0.1 


FREQUENCY (kHzl 


10 


AMPLITUDE (dB) 


Pin 

No. 


Name 


Function 


11 GNDD 

12 CLK 


13 PDN 


14 CLKO 


15 ■ GNDA 


16 VFxO 


Digital ground input pin. All 
digital signals are refer- 
enced to this pin. 

Master input clock. Input fre- 
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536 MHz. 

The input pin used to power 
down the TP3040/TP3040A 
during idle periods. Logic 1 
(Vec) input voltage causes a 
power down condition! An in- 
ternal pull-up is provided. 
This input pin selects in- 
ternal counters in accord- 
ance with the CLK input 
clock frequency:. 

CLK Connect CLKO to: 

2048 kHz Vcc 

1544 kHz GNDD 

1536 kHz Vbb 

An internal pull-up is 
provided. 

Analog ground input pin. All 
analog signals are refer- 
enced to this pin. Not inter- 
nally connected to GNDD. 

The output of the transmit 
filter stage. 



Receive Filter Stage 



0.1 


FREQUENCY (kHz) 


10 
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Functional Description 

The TP3040/TP3040A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, and Frequency Divider/Select Logic 
(Figure 1). A brief description of the circuit operation for 
each section is provided below. 

Transmit Filler 

The input stage of the transmit filter is a CMOS opera- 
tional amplifier which provides an input resistance of 
greater than 10 MO, a voltage gain of greater than 10,000, 
low power consumption (less than 3 mW), high power sup- 
ply rejection, and is capable of driving a 10 kO load in paral- 
lel with up to 25 pF. The inputs and output of the amplifier 
are accessible for added flexibility. Non-inverting mode, 
inverting mode, or differential amplifier mode operation 
can be implemented with external resistors. It can also be 
connected to provide a gain of up to 20 dB without 
degrading the overall filter performance. 

The input stage is followed by a prefilter which is a two- 
pole RC active low pass filter designed to attenuate high 
frequency noise, before the input signal enters the 
switched-capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200 Hzor lower noise 
which may exist in the signal path. The low pass portion of 
the switched-capacitor filter provides stopband attenua- 
tion which exceeds the D3 and D4 specifications as well 
as the CCITT G712 recommendations. 

The output stage of the transmit filter, the postfilter, is 
also a two-pole RC active low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of the 
transmit filter is capable of driving a ± 3.2V peak to peak 
signal into a 10 kO load in parallel with up to 25 pF. 

Receive Filter 

The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin x/x gain correction. A postfilter 
which is similar to the transmit postfilter follows the low 
pass stage. It attenuates clock frequency noise and pro- 
vides a low output impedance capable of directly driving 
an electronic subscriber-line-interface circuit. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter through 
gain setting resistors, R3, R4 (Figure 2). The power 
amplifiers can be deactivated, when not required, by con- 
necting the power amplifier input (pin 5) to the negative 
power supply Vbb- This reduces the total filter power con- 
sumption by approximately 10 mW-20 mW depending on 
output signal amplitude. 


Power Down Control 

A power down mode is also provided. A logic 1 powerdown 
command applied on the PDN pin (pin 13) will reduce the 
total filter power consumption to less than 1 mW. Connect 
PDN to GNDD for normal operation. 


Frequency Divider and Select Logic Circuit 

This circuit divides the external clock frequency down to 
the switching frequency of the low pass and high pass 
switched capacitor filters. The divider also contains a 
TTL - CMOS interface circuit which converts the external 
TTL clock level to the CMOS logic level required for the 
divider logic. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is provid- 
ed to allow the filter to operate with 2.048 MHz, 1.544 MHz 
or 1.536 MHz clock frequencies. By connecting the fre- 
quency select pin CLKO (pin 14) to Vcc, a 2.048 MHz clock 
input frequency is selected. Digital ground selects 1.544 
MHz and Vbb selects 1.536 MHz. 


Applications Information 


Gain Adjust 

Figure 2 shows the signal path interconnections between 
the TP3040/TP3040A and the TP3020 single-channel 
CODEC. The transmit RC coupling components have been 
chosen both for minimum passband droop and to present 
the correct impedance to the CODEC during sampling. 

Optimum noise and distortion performance will be ob- 
tained from the TP3040/TP3040A filter when operated with 
system peak overload voltages of ± 2.5V to ±3.2VatVFxO 
and VFrO. When interfacing to a PCM CODEC with a peak 
overload voltage outside this range, further gain or at- 
tenuation may be required. 

For example, the TP3040/TP3040A filter can be used with 
the TP3000 series CODEC which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output are 
required. 


Board Layout 

Care must be taken in PCB layout to minimize power sup- 
ply and ground noise. Analog ground (GNDA) of each filter 
should be connected to digital ground (GNDD) at a single 
point, which should be bypassed to both power supplies. 
Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between GNDA^nd GNDD and between the 
GNDA traces of adjacent filters and CODECs. 
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National 

Semiconductor 


PRELIMINARY 


TP3051, TP3056 Monolithic Parallel Data Interface 
CMOS CODEC/FILTER Family 



General Description 


The TP3051, TP3056 family consists of a /i-law and A-law 
monolithic PCM CODEC/filter set utilizing the AID and 
D/A conversion architecture shown in Figure 1, and a 
paraliei I/O data bus interface. The devices are fabricated 
on Nationai’s advanced doubie-poly CMOS process 
(microCMOS). 

The transmit section consists of an input gain adjust 
amplifier, an active RC pre-filter, and a switched-capacitor 
bandpass filter that rejects signals below 200 Hz and 
above 3400 Hz. A compressing coder samples the filtered 
signal and encodes it in the/i-255 law or A-law PCM format. 
Auto-zero circuitry is included on-chip. The receive section 
consists of an expanding decoder which reconstructs the 
analog signal from the compressed /i-law or A-law code, 
and a low pass filter which corrects for the sin x/x 
response of the decoder output and rejects signals above 
3400 Hz. The receive output is a single-ended power ampli- 
fier capable of driving low impedance loads. The TP3051 
/i-law and TP3056 A-law devices are pin compatible paral- 
lel interface CODEC/f liters for bus-oriented systems. They 
are ideally suited for use with the TP3100 family of digital 
line interface controllers (DUG) in switching system ap- 
plications. The DUG communicates with the main switch 
controller via integrated data, signaling and control chan- 
nels, and provides local time-slot and space switching 
capability for up to 32 TP3051 or TP3056 CODEGs. 


Features 

■ Gomplete GODEG and filtering system including: 
-Transmit high pass and low pass filtering 
-Receive low pass filter with sin x/x correction 
-Receive power amplifier 

-Active RG noise filters 
-/i-255 law GOder and DEGoder— TP3051 
-A-law GOder and DEGoder— TP3056 
-Internal precision voltage reference 
-Internal auto-zero circuitry 

■ Meets or exceeds, all D3/D4 and GGITT specifications 
O ±5V operation 

■ Low operating power— typically 60 mW 

■ Power-down standby mode— typically 3 mW 
H High speed TRI-STATE® data bus 

■ 2 loopback test modes 


Connection Diagram 

Dual-ln-Line Package 

— VFxl+ 

— VFxl- 
— GSx 

VCCD 

^/CNTL 
CLK 
— DBO 
— DB1 
DBZ 

DB3 

TOP VIEW 


Order Number TP3051J 
or TP3056J 

See NS Package J20A 


Vbb — 

1 


20 

GNDA — 

2 


19 

VFrO — 

3 


18 

VCCA — 

4 


17 

cs — 

5 

TP3051 

16 

DB7 — 

6 

OR 

TP3056 

15 

DB6 — 

7 


14 

DBS — 

8 


13 

DB4 — 

9 


, 12 

GNDD — 

10 


11 
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Block Diagram 




2nd ORDER 


1 RC ACTIVE — ► 


FILTER 


VOLTAGE 

REFERENCE 


SWITCHED 
CAPACITOR 
BAND-PASS FILTER 



SWITCHED 
CAPACITOR 
LOW PASS FILTER 


FRAME 

TIMING 

CONTROLLER 


TIMING 

GENERATOR 




I 


Vbb gnda gndd 


FIGURE 1. Parallel CODEC/Filter 


Pin Description 


Name Function 

No. 

1 Vbb Negative power supply pin. 

Vbb= -5V±5%. 

2 GNDA Analog ground. All analog signals are 

referenced to this pin. 

3 VFrO Analog output of the receive power 

ampiifier. This output can drive a 600n 
load to ± 2.5V. 

4 VccA Positive power supply voltage pin for 

the analog circuitry. Vcca = 5V±5%. 
Must be connected to Vcco- 

5 CS Device chip select Input which con- 

trols READ, WRITE and TRJ^TATE 
operations on the data bus. CS does 
not control the state of any analog 
functions. 

6 DB7 Bit 7 I/O on the data bus. The PCM 

LSB. 


Name Function 

7 DB6 Bit 6 I/O on the data bus. ' 

8 DBS Bit 5 I/O on the data bus. 

9 DB4 Bit 4 I/O on the data bus. 

10 GNDD Digital ground. All digital signals are 

referenced to this pin. 

1 1 DB3 Bit 3 I/O on the data bus. 

12 DB2 Bit 2 I/O on the data bus. 

13 DB1 Bit 1 I/O on the data bus. 

14 DBO Bit 0 I/O on the data bus. This is the 

PCM sign bit. 

15 CLK .The clock input for the switched- 

capacitor filters and CODEC. Clock 
frequency must be 768 kHz, 772 kHz, 
1.024 MHz or 1.28 MHz and must be 
synchronous with the system clock 
input. 
















Pin 

DOSCription (continued) 

Pin 

No. 

Name 

Function 

16 

PCr^/CNTL 

This control input determines whether 
the information on the data bus is 
PCM data or control data. 

1 

VccD 

Positive power supply pin for the bus 
drivers. \/ccd = 5V± 5%. Must be con- 
nected to VcCA- 

18 

GSx 

Analog output of the transmit input 
amplifier. Used to externally set gain. 

19 

VFxl- 

Inverting input of the transmit input 
amplifier. 

20 

VFxl + 

Non-inverting input of the transmit 
input amplifier. 


CLOCK AND DATA BUS CONTROL 

The CLK input signal provides timing for the encode and 
decode logic and the switched-capacitor filters. It must be 
one of the frequencies listed in Table I and must be cor- 
rectly selected by control bits CO and C1. 

CLK also functions as a READ/WRITE control signal, with 
the device reading the data bus on a positive half-clock 
cycle and writing the bus on a negative half-clock cycle, as 
shown in Figure 4. 

Functional Description 

POWER-UP 

When power is first applied, power-on reset circuitry in- 
itializes the CODEC/filter and sets it in the power-down 
mode. All non-essential circuits are deactivated and the 
data bus outputs, DB0-DB7, and receive power amplifier 
output, VFrO, are in high impedance states. 

The TP3051, TP3056 is powered-up via a command to the 
control register (see Control Register Functions). This 
sets the device in the standby mode with all circuitry ac- 
tivated, but encoding and decoding do not begin until PCM 
READ and PCM WRITE chip selects occur. 


TABLE I. CONTROL BIT FUNCTIONS 


Control Bits 

Function 

CO, Cl 

Select Clock Frequency 

CO Cl Frequency 

0 X 1.024 MHz 

1 0 0.768 MHz or 0.772 MHz 

1 1 1.28 MHz 

C2, C3 

Digital and Analog Loopback 

C2 C3 Mode 

1 X digital loopback 

0 1 analog loopback 

0 0 normal 

C4 

Power-Down/Power-Up 

1 = power-down 

0 = power-up 

C5 

TP3051 — Don’t care 

TP3056 

1 = A-law without even bit 
inversion 

0 = A-law with even bit inversion 


TABLE 1. CONTROL BIT FUNCTIONS (Continued) 


Control Bits 

Function 

C6-C7 

Don’t care 


DATA BUS NOMENCLATURE 

The normal order for serial PCM transmission is sign bit 
first, whereas the normal order for serial data is LSB first. 
For compatibility with the TP3110/TP3120 DLIC, the paral- 
lel data bus is defined as follows: 


Data Type 

DBO 

DB7 

PCM 

Sign Bit 

LSB 

Control Data 

CO 

C7 


READING THE BUS 

If CLK is low when CS goes low, bus data is gated in during 
the next positive half-clock cycl e of CLK and latched on 
the negativfr^oing transition. If PCM/CNTLis low during 
the falling CS transition, then the bus data is defined as 
PCM voice data, which is latched into the receive register. 
This also functions as an internal receive frame synchroni- 
zation pulse to start a decode cycle and must occur once 
per receive frame; i.e., at an 8 kHz rate. 

if PCM/CNTL is high during the falling CS transition, the 
bus data is latched into the control register. This does not 
affect frame synchronization. 

WRITING THE BUS 

If CLK is high when CS goes low, at the next falling transi- 
tion of CLK, the bus drivers are enabled and either the 
PCM transmit data or the contents of the control register 
are gated onto the bus, depen ding on the level of 
PCM/Cf^TL at the CS transition. If PCM/CNTL is low dur- 
ing the CS falling transition, the transmit register data is 
written to the bus. An internal transmit frame synchroniza- 
tion pulse is also generated to start an encode cycle, and 
this must occur once per transmit frame; i.e., at an 8 kHz 
rate. 

If PCM/CNTL is high during the CS falling transition, the 
control register data is written to the bus. This does not af- 
fect frame synchronization. 

The receive register contents may also be written back to 
the bus, as described in the Digital Loopback section. 

Except during a WRITE cycle, the bus drivers are in TRI- 
STATE mode. 

CONTROL REGISTER FUNCTIONS 

Writing to the control register allows the user to set the ' 
various operating states of the TP3051 and TP3056. The 
control register can also be read back via the data bus to 
verify the current operating mode of the device. 

1. CLK Select 

Since one of three distinct clock frequencies may be 
used, the actual frequency must be known by the 
device for proper operation of the switched-capacitor 
filters. This is achieved by writing control register bits 
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Functional Description (Continued) 


CO and Cl , normally in the same WRITE cycle that pow- 
ers-up the device, and before any PCM data transfers 
take place. 

2. Digital Loopback 

In order to establish that a valid path has been selected 
through a network, it is sometimes desirable to be able 
to send data through the network to its destination, 
then loop it back through the network return path to the 
originating source where the data can be verified. This 
loopback function can be performed in the TP3051, 
TP3056 by setting controi register bit C2 to 1. With C2 
set, the PCM data in the receive register wiil be written 
back onto the data bus during the next PCM WRiTE 
cycle. In the digital loopback mode, the receive section 
is set to an idle channel condition in order to maintain a 
low impedance termination at VFrO. 

3. Anaiog Loopback 

in the analog loopback mode, the transmit filter input is 
switched from the gain adjust ampiifier to the receive 
power amplifier output, forming a unity-gain loop from 
the receive register back to the transmit register. This 
mode is entered by setting control register bits C2 to 0 
and C3 to 1. The receive power amplifier continues to 
drive the load in this mode. 

4. Power-Down/Power-Up 

The TP3051, TP3056 may be put in the power-down 
mode by setting control register bit C4 to 1 . Conversely, 
setting bit C4 to 0 powers-up the device. 


TRANSMIT FILTER AND ENCODE SECTION 

The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resis- 
tors, see Figure 2. The low noise and wide bandwidth allow 
gains in excess of 20 dB across the audio passband to be 
realized. The op amp drives a unity-gain filter consisting of 



TO TRANSMIT 
FILTER 


Non-Inverting transmit gain=20 log^o 

Set gain to provide peak overload level = t|viAX at GSx (see Transmission 
Characteristics) 


/R1 + R2 \ 

I ) 


a 2nd order RC active pre-filter, followed by an 8th order 
switched-capacitor bandpass filter clocked at 256 kHz. 
The output of this filter directly drives the encoder sample- 
and-hold circuit. The AID is of companding type according 
to a- 255 law (TP3051) or A-law (TP3056) coding schemes. A 
precision voltage reference is trimmed in manufacturing 
to provide an input overload (t^Ax) of nominally 2.5V peak 
(see table of Transmission Characteristics). Any offset 
voltage due to the filters or comparator is cancelled by 
sign bit integration in the auto-zero circuit. 

The total encoding delay referenced to a PCM WRITE chip 
select will be approximately 165 ns (due to the transmit 
filter) plus 125 ns (due to encoding delay), which totals 
290 fis. 

DECODER AND RECEIVE FILTER SECTION 

The receive section consists of an expanding DAC which 
drives a 5th order switched-capacitor low pass filter 
clocked at 256 kHz. The decoder is of A-law (TP3056) or 
/t-law (TP3051) coding law and the 5th order low pass filter 
corrects forthe sin x/x attenuation due to the8 kHzsample/ 
hold. The filter is then followed by a 2nd order RC active 
post-filter. The power amplifier output stage is capable of 
driving a 60012 load to a level of 7.2 dBm. The receive sec- 
tion has unity-gain. Following a PCM READ chip select, 
the decoding cycle begins, and 10 later the decoder 
DAC output is updated. The total decoder delay is - 10 /<s 
. (decoder update) plus 110 ns (filter delay) plus 62.5 ns (1/2 
frame), which gives approximately 180 /is. 



Maximum output power = 7.2 dBm total, 4.2 dBm to the load. 



See Applications Information for attenuator design guide. 


FIGURE 2. Transmit Gain Adjustment 


FIGURE 3. Receive Gain Adjustment 
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Absolute Maximum Ratings 


GNDDtoGNDA 
^CCA 0*" ^CCD to GNDD or GNDA 
VBBtoGNDDorGNDA 
Voltage at Any Analog 
Input or Output 
Voltage at Any Digital 
Input or Output ' 


Operating Temperature Range -25°Cto +125°C 

StorageTemperature Range - 65°C to + tSO^C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Vcc + 0.3V to Vbb-0.3V 
Vcc + 0.3V to GNDD -0.3V 


Electrical Characteristics Unless otherwise noted: Vcca = Vcco = 5.0V ± 5%, Vbb=-5V±5%, 
GNDD = GNDA = OV, Ta = 0°C to 70°C; typical characteristics specified at nominal supply voltages, Ta = 25'’C; all digital 
signals are referenced to GNDD, all analog signals are referenced to GNDA. 


Max Units 


Symbol 

Parameter 

Conditions 

DIGITAL INTERFACE 

V|L 

Input Low Voltage 


V,H 

Input High Voltage 


VoL 

Output Low Voltage 

DB0-DB7, Il = 2.5 mA 

X 

o 

> 

Output High Voitage 

DB0-DB7. Ih= -2.5 mA 

l|L 

Input Low Current 

GNDD<V|n<V|l, All Digital Inputs 

IlH 

Input High Current 

o 

:> 

VI 

z 

> 

VI 

X 

> 

•oz 

Output Current in High Impedance 
State (TRI-STATE) 

DB0-DB7, GNDD<Vo<Vcc 



ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 


RECEIVE POWER AMPLIFIER (ALL DEVICES) 


POWER DISSIPATION (ALL DEVICES) 


■cco 

Power-Down Current 

•bbo 

Power-Down Current 

Icci 

Active Current 

•bbi 

Active Current 




l|XA 

Input Leakage Current 

-2.5V<V<-f2.5V, VFxl"^ orVFxl" 

-200 


200 

nA 

RiXA 

RqXA 

Input Resistance 

Output Resistance, GSx 

- 2.5V < V< - 1 - 2.5V, VFxl"^ or VFxl “ 

10 


3 

Mti 

n 




RlXA 

Load Resistance, GSx 


10 



ko 

ClXA 

Load Capacitance, GSx 




50 

pF 

VqXA 

Output Dynamic Range, GSx 

RL=10kn 

±2.8 



V 

AvXA 

Voltage Gain 

VFxl to GSx 

5000 



v/v 

FuXA 

Unity-Gain Bandwidth 


1 

2 


MHz 

VqsXA 

Offset Voltage 


-20 


20 

mV 

VcmXA 

Common-Mode Voltage 


-2.5 


2.5 

V 

CMRRXA 

Common-Mode Rejection Ratio 


60 



dB 

PSRRXA 

Power Supply Rejection Ratio 


60 



dB 


RoRF 

Output Resistance, VFrO 



1 

3 

f] 

RlRF 

Load Resistance 

VFrO=±2.5V 

600 



a 

ClRF 

Load Capacitance 




50 

pF 

VOSrO 

Output DC Offset Voltage 


-200 


200 1 

mV 


1.5 

mA 

0.3 

mA 

9.0 

mA 

9.0 

mA 
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Timing Specifications 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

tpc 

Period of Clock 




ns 

twCH 

Width of Clock High 




ns 

twCL 

Width of Clock Low 




ns 

Irc 

Rise Time of Clock 




ns 

tpc 

Fall Time of Clock 




hs 

tscs 

Set-Up Time of CLK High or Low 


100 


ns 

tHCS 

Hold Time from CS Low to CLK 


100 


ns 

twcs 

Width of Chip Select 


100 


ns 

*SPCM 

Set-Up Time of PCM/CNTL 


0 


ns 

Ihpcm 

Hold Time of PCM/CNTL 


100 


ns 

tSDI 

Set-Up Time of Data In 


50 


ns 

tHDI 

Hold Time of Data In 


20 


ns 

Iddo 

Delay Time to Data Out Valid 

Cl = 0 pF to 200 pF 

90 

260 

ns 

tDDZ 

Delay Time to Data Output Disabled 

Cl = 0 pF to 200 pF 

20 

80 

ns 


Switching Time Waveforms 



FIGURE 4. Timing Waveforms for TP3051, TP3056 


Note 1 : This diagram shows that READ and WRITE CS pulses may occur on consecutive haif-cycies of CLK, although this is not a restriction. READ and WRITE CS pulses 
must each occur at an 8 kHz rate. 
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Transmission Charactoristics (AII Devices) unless otherwise specified: 

^ = 0°C to 70°C, 

VccA = VccD = 5V ± 5%, Vbb = - 5V ± 5%, GNDD = GNDA = OV, f = 1.02 kHz, V|n = 0 dBmO, transmit input amplifier connected 

for unity-gain non-inverting. ' 






Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

AMPLITUDE RESPONSE 


Absolute Levels 

Nominal 0 dBmO Level is 4 dBm 
(6000) 






0 dBmO 

TP3051 


1.2276 


Vrms 



TP3056 


1.2276 


Vrms 

tMAX 

Maximum Overload Level 

TP3051 (-^ 3.17 dBmO) 


2.501 


Vdc 



TP3056 (-1-3.14 dBmO) 


2.492 


Vdc 

Gxa 

Transmit Gain, Absolute 

Ta = 25°C,Vcca = Vccd = 5.0V, 

Vbb = - 5.0V 

Input at GSx = 0 dBmO at 1020 Hz 

-0.15 


0.15 

dB 

Gxr 

Transmit Gain, Relative to Gxa 

f = 16 Hz 



-40 

dB 



f = 50Hz 



-30 

dB 



f = 60Hz 



-26 

dB 



f = 200 Hz 

-1.8 


-0.1 

dB 



f = 300 Hz-3000 Hz 

-0.15 


0.15 

dB 



f = 3300 Hz 

-0.35 


0.05 

dB 



f = 3400 Hz 

-0.7 


0 

dB 



f = 4000 Hz 


, 

-14 

dB 



f = 4600 Hz and Up, Measure 

Response from 0 Hz to 4000 Hz 



-32 

dB 

Gxat 

Absolute Transmit Gain Variation 
with Temperature 

Ta = 0°C to 70°C 



±0.1 

dB 

Gxav 

Absolute Transmit Gain Variation 
with Supply Voltage 

VccA = VccD = 5V ± 5%, Vbb = - 5V ± 5% 



±0.05 

dB 

Gxrl 

Transmit Gain Variation with 

Sinusoidal Test Method 






Level 

Reference Level = - 10 dBmO 







VFxl + = - 40 dBmO to -l- 3 dBmO 

-0.2 


0.2 

dB 



VFxl ■^ = - 50 dBmO to - 40 dBmO 

-0.4 


0.4 

dB 



VFxl - 55 dBmO to - 50 dBmO 

-1.2 


1.2 

dB 

Gra 

Receive Gain, Absolute 

Ta = 25°C, VccA = Vccd = 5V, Vbb= -5V 
Input = Digital Code Sequence for 

0 dBmO Signal at 1020 Hz 

-0.15 


0.15 

dB 

Grr 

Receive Gain, Relative to Gra 

f = 0Hzto 3000 Hz 

-0.15 


0.15 

dB 



f = 3300 Hz 

-0.35 


0.05 

dB 



f = 3400 Hz 

-0.7 


0 

dB 



f = 4000 Hz 



-14 

dB 

Grat 

Absolute Receive Gain Variation 
with Temperature 

Ta = 0'>C to 70°C 



±0.1 

dB 

Grav 

Absolute Receive Gain Variation 
with Supply Voltage 

VccA = VccD = 5V ± 5%, Vbb = - 5V ± 5% 



±0.05 

dB 

Grrl 

Receive Gain Variation with 

Sinusoidal Test Method; Reference 






Level 

Input PCM Code Corresponds to an 
Ideally Encoded -10 dBmO Signal 







PCM Level = - 40 dBmO to -t- 3 dBmO 

-0.2 


0.2 

dB 



PCM Level = - 50 dBmO to - 40 dBmO 

-0.4 


0.4 

dB 



PCM Level = -55 dBmO to -50 dBmO 

-1.2 


1.2 

dB 

Vro 

Receive Output Drive Level 

R[_ = 600 n 

-2.5 


2.5 

V 
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TrSnSmiSSion Chdrsctoristics (continued) (AN Devices) Unless otherwise specified; Ta = 0°C to 70°C, 
VccA = VccD = 5V ± 5%, Vbb = - 5V ± 5%, GNDD = GNDA = OV, f = 1.02 kHz, V|n = 0 dBmO, transmit input amplifier connected 
for unity-gain non-inverting. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Dxa 

Transmit Delay, Absolute 

f = 1600 Hz 


290 

315 

HS 

Dxr 

Transmit Delay, Relative to Dxa 

f = 500 Hz-600 Hz 


195 

220 

fiS 



f = 600 Hz-800 Hz 


120 

145 

^iS 



f = 800 Hz-1000 Hz 


50 

75 

fiS 



f = 1000 Hz-1600 Hz 


20 

40 

/iS 



f = 1600 Hz-2600 Hz 


55 

75 

HS 



f = 2600 Hz-2800 Hz 


80 

105 

fis 



f = 2800 Hz-3000 Hz 


130 

155 


Dra 

Receive Delay, Absolute 

f = 1600 Hz 


180 

200 

fiS 

Drr 

Receive Delay, Relative to Dra 

f = 500 Hz-1000 Hz 

-40 

-25 


^lS 



f = 1000 Hz-1600 Hz 

-30 

-20 


ns 



f=1600 Hz-2600 Hz 


70 

90 

US 



f = 2600 Hz-2800 Hz 


100 

125 

HS 



f = 2800 Hz-3000 Hz 


145 

175 

/iS 

NOISE 

Nxc 

Transmit Noise, C Message 

TP3051, VFxl‘^ = 0V 


12 

15 

dBrnCO 


Weighted 






NxP 

Transmit Noide, P Message 

TP3056,VFxl‘^ = 0V 


-74 

-69 

dBmOp 


Weighted 




(Notel) 


Nrc 

Receive Noise, C Message 

TP3051, PCM Code Equals Alternating 


8 

11 

dBrnCO 


Weighted 

Positive and Negative Zero 





Nrp 

Receive Noise, P Message 

TP3056, PCM Code Equals Positive 


-82 

-79 

dBmOp 


Weighted 

Zero 





Nrs 

Noise, Single Frequency 

f = 0 kHz to 100 kHz, Loop Around 



-53 

dBmO 



Measurement, VFxl ■*■ = OV 





PPSRx 

Positive Power Supply 

VFxl’^=0V, 






Rejection, Transmit 

^CCA — VccD = 5.0 Vqc -t- 100 mVrms 







f = 0 kHz-50 kHz 

40 



dBC 

NPSRx 

Negative Power Supply 

VFxl'*' =0 Vrms, 






Rejection, Transmit 

Vbb = - 5 0 Vpc + 100 mVrms 







f = 0 kHz-50 kHz 

40 



dBC 

PPSRr 

Positive Power Supply 

PCM Code Equals Positive Zero for 






Rejection, Receive 

TP3051 and TP3056 







Vqq = 5,0 VpQ + 100 mVrms 







f = 0 Hz-4000 Hz 




dBC 



f = 4 kHz-25 kHz 




dBC 



f = 25 kHz-50 kHz 




dBC 

NPSRr 

Negative Power Supply 

PCM Code Equals Positive Zero for 






Rejection, Receive 

TP3051 and TP3056 







Vbb = -5.0 Vdc + 100 mVrms 







f = 0 Hz-4000 Hz 

40 



dBC 



f=: 4 kHz-25 kHz 

40 



dBC 



f = 25 kHz-50 kHz 

36 



dBC 

SOS 

Spurious Out-of-Band Signals 

Loop Around Measurement, 0 dBmO, 






at the Channel Output 

300 Hz-3400 Hz Input Applied to VFxl 







Measure Individual Image Signals at 







VFrO 







4600 Hz-7600 Hz 



-32 

dB 



7600 Hz-8400 Hz 



-40 

dB 



8400 Hz-100,000 Hz 



-32 

dB 
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TrdnSmiSSion Ch3r3Ct6riStiCS (continued) (AH Devices) Uniess otherwise specified: Ta = 0°C to YO^C, 
VccA = VccD = 5V ± 5%, Vbb = - SV ± 5%, GNDD = GNDA = OV, f = 1.02 kHz, V|n = 0 dBmO, transmit input amplifier connected 
for unity-gam non-inverting. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DISTORTION 

STDx 

Signal to Total Distortion 

Sinusoidal Test Method 





STDr 

Transmit or Receive 

Level = 3.0 dBmO 

33 



dBC 


Half-Channel 

= 0 dBmO to - 30 dBmO 

36 



dBC 



= -40 dBmO XMT 

29 



dBC 



RCV 

30 



dBC 



= -55 dBmO XMT 

14 



dBC 



RCV 

15 



dBC 

SFDx 

Single Frequency Distortion, 




-46 

dB 


Transmit 






SFDr 

Single Frequency Distortion, 




-46 

dB 


Receive 






IMD 

Intermodulation Distortion 

Loop Around Measurement, 



-41 

dB 



VFxl ■^ = - 4 dBmO to - 21 dBmO, 







Two Frequencies in the Range 







300 Hz-3400 Hz 






CROSSTALK 


CTx-r 

Transmit to Receive Crosstalk 

f = 300 Hz-3400 Hz at 0 dBmO 

mil 





0 dBmO Transmit Level 

Steady PCM Receive Code 


-90 

-75 

dB 

O 

X 

Receive to Transmit Crosstalk 

0 dBmO Receive Level 

f = 300 Hz-3400 Hz 

1 

-90 

-70 
(Note 2) 

dB 


Note 1: Measured by extrapolation from the distortion test result. 

Note 2; CTr.x is measured with a -40 dBmO activating signal applied at VF^lt 


ENCODING FORMAT AT DATA BUS OUTPUT 



TP3051 

/x-Law 

MSB LSB 

TP3056 

True A-Law, C5 = 0 
(Includes Even Bit Inversion) 

MSB LSB 

V|N= + Full-Scale 

V|N = 0V 

ViN= - Full-Scale 

1 0 0 0 0 0 0 0 

11111111 

0 1111111 

00000000 

10 10 10 10 

110 10 10 1 

0 10 10 10 1 

0 0 10 10 10 


Not Applicable 
(C5 is Don’t Care) 

sign -t- Magnitude A-Law, C5 = 1 
(Before Even Bit Inversion) 

V|N= + Full-Scale 

V,N = 0V 

ViN= - Full-Scale 


11111111 

1 0 0 0 0 0 0 0 
00000000 

0 1111111 
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TP3051, TP3056 


Applications Information 

POWER SUPPLIES 

While the pins of the TP3051 famiiy are weii protected 
against electricai misuse, it is recommended that the 
standard CMOS practice be foiiowed, ensuring that 
ground is connected to the device before any other con- 
nections are made. In applications where the printed cir- 
cuit board may be plugged into a “hot” socket with power 
and clocks already present, an extra long ground pin in the 
connector should be used. GNDA and GNDD MUST be con- 
nected together adjacent to each CODEC/filter, not on the 
connector or backplane wiring. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 
minimizes the interaction of ground return currents flow- 
ing through a common bus impedance. 0.1 nF supply 
decoupling capacitors should be connected from this 
common ground point to Vcca and Vbb- 

For best performance, the ground point of each CODEC/ 
filter on a card should be connected to a common card 
ground in star formation, rather than via a ground bus. 
This common ground point should be decoupled to Vcc 
and Vbb with 10 /.iF capacitors. 

T-Pad Attenuator 



and 


S 

Also: Z = VZsc'Zqc 

Where Zgc = Impedance with short circuit termination 
and Zqc = impedance with open circuit termination 


TT-Pad Attenuator 



The positive power supply to the bus drivers, Vcco. is pro- 
vided on a separate pin from the positive supply for the 
CODEC and filter circuits to minimize noise injection 
when driving the bus. Vcca srid Vccd MUST be connected 
together close to the CODEC/filter at the point where the 
0.1 nF decoupling capacitor is connected. 


RECEIVE GAIN ADJUSTMENT 

For applications where a TP3050 family CODEC/filter re- 
ceive output must drive a 6000 load, but a peak swing 
lower than ±2.5V is required, the receive gain can be 
easily adjusted by inserting a matched T-pad or TT-pad at 
the output. Table II lists the required resistor values for 
6000 terminations. As these are generally non-standard 
values, the equations can be used to compute the attenua- 
tion of the closest practical set of resistors. It may be 
necessary to use unequal values for the R1 or R4 arms of 
the attenuators to achieve a precise attenuation. Gener- 
ally it is tolerable to allow a small deviation of the input im- 
pedance from nominal while still maintaining a good 
return loss. For example a 30 dB return loss against 6000 
is obtained if the output impedance of the attenuator is in 
the range 2820 to 3190 (assuming a perfect transformer). 

TABLE II. ATTENUATOR TABLES FOR Z1 = Z2 = 3000 

(ALL VALUES IN 0) 


dB 

R1 

R2 

R3 

R4 

0.1 

1.7 

26k 

3.5 

52k 

0.2 

3.5 

13k 

6.9 

26k 

0.3 

5.2 

8.7k 

10.4 

17.4k 

0.4 

6.9 

6.5k 

13.8 

13k 

0.5 

8.5 

. 5.2k 

17.3 

10.5k 

0.6 

10.4 

4.4k 

21.3 

8.7k 

0.7 

12.1 

3.7k 

24.2 

7.5k 

0.8 

13.8 

3.3k 

27.7 

6.5k 

0.9 

15.5 

2.9k 

31.1 

5.8k 

1.0 

17.3 

2.6k 

34.6 

5.2k 

2 

34.4 

1.3k 

70 

2.6k 

3 

51.3 

850 

107 

1.8k 

4 

68 

650 

144 

1.3k 

5 

84 

494 

183 

1.1k 

6 

100 

402 

224 

900 

7 

115 

380 

269 

785 

8 

379 

284 

317 

693 

9 

143 

244 

370 

630 

10 

156 

211 

427 

527 

11 

168 

184 

490 

535 

12 

180 

161 

550 

500 

13 

190 

142 

635 

473 

14 

200 

125 

720 

450 

15 

210 

110 

816 

430 

16 

218 

98 

924 

413 

18 

233 

77 

1.17k 

386 

20 

246 

61 

1.5k 

366 


Note: See Applications Brief 13 for further details. 
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Typical Applications 

The benefits of a CODEC/filter with a paraiiei data bus, 
rather than the usuai seriai port, are iilustrated in Figure 5. 
This shows a 16-channei iine card in which the TP3051, 
TP3056 CODEC/filters share the data bus interface to a 
TP3110/TP3120 digitai iine interface controiier. The DUG 
can access up to 128 channels on the serial backplane, 
providing fully non-blocking time and space switching 
capability with optional redundancy. In conjunction with a 
local microprocessor, typically from the INS8048 family, a 
standard HDLC control channel can be assigned, provid- 
ing secure message capability between the line card and 
the system control processor. The local microprocessor 
can also collect and process line status and signaling in- 
formation, off-loading these tasks from the main proc- 
essor. A prioritized vectored interrupt scheme is used for 
data transfers between the microprocessor and DUG. 


System flexibility can be further enhanced by adding 2 
additional bits per frame to the PGM data, operating the 
DUG with 80 Kb/s channels rather than 64 Kb/s channels. 

Another application of the T3051, TP3056 GODEG/filters is 
in the all-digitai telephone. The analog and digital loop- 
back test modes are particularly useful, enabling the 
switching system to verify the integrity of virtually the 
complete channel. The transmit op amp can be set for 
gains in excess of 20 dB, enabling a simple AG connection 
to an electret microphone (with integrai FET buffer) to be 
made. A receive transducer with an impedance not less 
than 6000 can be driven directly by the receive amplifier, 
with a resistive network providing gain adjustment and 
sidetone. Low impedance transducers require an audio 
matching transformer. 


ANALOG IN > 
ANALOG OUT ^ 


TP3051,TP3a56 

COOEC/FILTER 


SUBSCRIBER 
■ INTERFACE 


LlJl^ 


CLOCK 


PCM/CNTL 


CHIP SELECT 


ADDRESS 

DECODER 


SIGNALING 

INTERFACE 


MICROPROCESSOR 


mmm 










MAIN 


◄ ' \ 

CONTROL 


^ ! 


SERIAL 

PORT 

ACCESS 


SWITCHING 

NETWORK 


CLOCKS 


FIGURE 5. Typical 16-Channel Line Card 
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TP3052/TP3053/TP3054/TP3057 


National 

Semiconductor 


TP3052, TP3053, TP3054, TP3057 Monolithic Serial 
Interface CMOS CODEC/FILTER Family 


General Description 


The TP3052, TP3053, TP3054. TP3057 family consists of 
;t4-law and A-law monolithic PCM CODEC/fiiters utilizing the 
A/D and D/A conversion architecture shown in Figure 1, 
and a serial PCM interface. The devices are fabricated 
using National’s advanced double-poly CMOS process 
(microCMOS). 

The encode portion of each device consists of an input gain 
adjust amplifier, an active RC pre-filter which eiiminates very 
high frequency noise prior to entering a switched-capacitor 
band-pass fiiter that rejects signals below 200 Hz and above 
3400 Hz. Also included are auto-zero circuitry and a com- 
panding coder which samples the filtered signal and en- 
codes it in the companded /x-law or A-law PCM format. The 
decode portion of each device consists of an expanding 
decoder, which reconstructs the analog signal from the 
companded p,-law or A-law code, a low-pass filter which 
corrects for the sin x/x response of the decoder output and 
rejects signals above 3400 Hz and is foliowed by a single- 
ended power amplifier capable of driving low impedance 
loads. The devices require two 1.536 MHz, 1.544 MHz or 
2.048 MHz transmit and receive master clocks, which may 
be asynchronous: transmit and receive bit clocks, which 
may vary from 64 kHz tp 2.048 MHz; and transmit and re- 
ceive frame sync pulses. The timing of the frame sync puls- 
es and PCM data is compatible with both industry standard 
formats. 


Features 

■ Complete CODEC and filtering system (COMBO) 
including: 

— Transmit high-pass and low-pass filtering 

— Receive low-pass filter with sin x/x correction 

— Active RC noise filters 

— p,-law or A-law compatible COder and DECoder 

— Internal precision voltage reference 

— Serial I/O interface 

— Internal auto-zero circuitry 

■ ft-law with signaling, TP3020 timing— TP3052 

■ p,-law with signaling, TP5116A family timing — TP3053 

■ /x-law without signaling, 16-pin — TP3054 

■ A-law, 16-pin — ^TP3057 

H Meets or exceeds ail D3/D4 and CCITT specifications 

■ ±5V operation 

■ Low operating power— typically 60 mW 

■ Power-down standby mode — typically 3 mW 

■ Automatic power-down 

■ TTL or CMOS compatible digital interfaces 

■ Maximizes line interface card circuit density 


Connection Diagrams 


Dual-ln-Llne Package 


Dual-In-Line Package 


Dual-ln-Line Package 


Da — 
BCLKa/_7 
CLKSEL 
, 8 





Order Number TP3054J or TP3057J 
NS Package Number J16A 


Order Number TP3052J 
NS Package Number J18A 


Da — 
BCLKa/ 7 
CLKSEL 
MCLKr/-® 
PDN . 


TOP VIEW TL/H/5510-1 

Order Number TP3053J 
NS Package Number J20A 
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Block Diagram 



FIGURE 1 


Pin Description 


TP3052 

Pin No. 

TP3053 

Pin No. 

TP3054 

TP3057 

Pin No. 

Name 

Function 

1 

1 

1 

Vbb 

Negative power supply pin. Vbb= -5V±5%. 

2 

2 

2 

GNDA 

Analog ground. All signals are referenced to this pin. 

3 

3 

3 

VFrO 

Analog output of the receive filter. 

4 

4 

4 

Vcc 

Positive power supply pin. Vcc= -l-5V±5%. 

5 

5 

5 

FSr 

Receive frame sync pulse which enables BCLKr to 
shift PCM data into Dr. FSrjs an 8 kHz pulse train. 

See Figures 2 and 3 for timing details. 

6 

6 

6 

Dr 

Receive data input. PCM data is shifted into Dr 
following the FSr leading edge. 

7 

7 

7 

BCLKr/CLKSEL 

The bit clock which shifts data into Dr after the FSr 
leading edge. May vary from 64 kHz to 2.048 MHz. 
Alternatively, may be a logic input which selects either 

1 .536 MHz/1 .544 MHz or 2.048 MHz for master clock 
in synchronous mode and BCLKx is used for both 
transmit and receive directions (see Table 1). 

8 

8 

8 

MCLKr/PDN 

Receive master clock. Must be 1 .536 MHz, 1 .544 MHz 
or 2.048 MHz. May be asynchronous with MCLKx, but 
should be synchronous with MCLKx ^or best 
performance. When MCLKr is connected 
continuously low, MCLKx is selected for all internal 
timing. When MCLKr is connected continuously high, 
the device is powered down. 
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TP3052/TP3053/TP3054/TP3057 


Pin Description (Continued) 


TP3052 
Pin No. 


TP3053 
Pin No. 


TP3054 
TP3057 
Pin No. 




Functional Description 

POWER-UP 

When power is first applied, power-on reset circuitry initiai- 
izes the COMBO and places it into the power-down mode. 
All non-essential circuits are deactivated and the Dx and 
VFrO outputs are put in high impedance states. To power- 
up the device, a logical low level or clock must be applied to 
the MCLKr/PDN pin and FSx and/or FSr pulses must be 
present. Thus, 2 power-down control modes are available. 
The first is to pull the MCLKr/PDN pin high; the alternative 
is to hold both FSx 3nd FSr inputs continuously low — the 
device will power-down approximately 2 ms after the last 
FSx or FSr pulse. Power-up will occur on the first FSx or 
FSr pulse. The TRI-STATE PCM data output, Dx, will re- 
main in the high impedance state until the second FSx 
pulse. 

SYNCHRONOUS OPERATION 

For synchronous operation, the same master clock and bit 
clock should be used for both the transmit and receive di- 
rections. In this mode, a clock must be applied to MCLKx 
and the MCLKr/PDN pin can be used as a power-down 
control. A low level on MCLKr/PDN powers up the device 
and a high level powers down the device. In either case, 
MCLKx will be selected as the master clock for both the 
transmit and receive circuits. A bit clock must also be ap- 
plied to BCLKx and the BCLKr/CLKSEL can be used to 
select the proper internal divider for a master clock of 1.536 
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd clock 
pulse each frame. 


When high during FSr, this input indicates a receive 
signal frame. 

The eighth bit of the PCM data appears at this output 
after each receive signaling frame. 

Signal data input. Data at this input is inserted into 
the 8th bit of the PCM word during transmit signaling 
frames. 

When high during FSx, this input indicates a transmit 
signaling frame. 

Transmit master clock. Must be 1.536 MHz, 

1 .544 MHz or 2.048 MHz. May be asynchronous with 
MCLKr. 

Transmit frame sync pulse input which enables 
BCLKx to shift out the PCM data on Dx. FSx 's an 
8 kHz pulse train, see Figures 2 and 3 for timing 
details. 

The bit clock which shifts out the PCM data on Dx. 
May vary from 64 kHz to 2.048 MHz, but must be syn- 
chronous with MCLKx. 

The TRI-STATE® PCM data output which is enabled 
by FSx. 

Open drain output which pulses low during the en- 
coder time slot. 

Analog output of the transmit input amplifier. Used to 
externally set gain. 

Inverting input of the transmit input amplifier. 
Non-inverting input of the transmit input amplifier. 


With a fixed level on the BCLKr/CLKSEL pin, BCLKx will be 
selected as the bit clock for both the transmit and receive 
directions. Table 1 indicates the frequencies of operation 
which can be selected, depending on the state of BCLKr/ 
CLKSEL. In this synchronous mode, the bit clock, BCLKx, 
may be from 64 kHz to 2.048 MHz, but must be synchro- 
nous with MCLKx. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Dx output on the positive edge of BCLKx- After 8 
bit clock periods, the TRI-STATE Dx output is returned to a 
high impedance state. With an FSr pulse, PCM data is 
latched via the Dr input on the negative edge of BCLKx (or 
BCLKr if running). FSx and FSr must be synchronous with 
MCLKx/r. 

TABLE 1. SELECTION OF MASTER CLOCK 
FREQUENCIES 


Master Clock 
Frequency Selected 


BCLKr/CLKSEL 


1 (or Open Circuit) 


TP3057 

TP3052 

TP3053 

TP3054 

2.048 MHz 

1.536 MHz or 


1.544 MHz 

1.536 MHz or 

2.048 MHz 

1.544 MHz 


2.048 MHz 

1.536 MHz or 


1.544 MHz 
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Functional Description (Continued) 

ASYNCHRONOUS OPERATION 

For asynchronous operation, separate transmit and receive 
clocks may bo applied. MCLKx and MCLKr must be 2.048 
MHz for the TP3057, or 1.536 MHz, 1.544 MHz for the 
TP3052, 53, 54, and need not be synchronous. For best 
transmission performance, however, MCLKr should be syn- 
chronous with MCLKx, which if easily achieved by applying 
only static logic levels to the MCLKr/PDN pin. This will au- 
tomatically connect MCLKx 'o all internal MCLKr functions 
(see Pin Description). For 1.544 MHz operation, the device 
automatically compensates for the 193rd clock pulse each 
frame. FSx starts each encoding cycle and must be syn- 
chronous with MCLKx and BCLKx. FSr starts each decod- 
ing cycle and must be synchronous with BCLKr. BCLKr 
must be a clock, the logic levels shown in Table 1 are not 
valid in asynchronous mode. BCLKx and BCLKr may oper- 
ate from 64 kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync pulse (the 
same as the TP3020/21 CODECs) or a long frame sync 
pulse (the same as the TP5116A family of CODECs). Upon 
power initialization, the device assumes a short frame 
mode. In this mode, both frame sync pulses, FSx and FSr, 
must be one bit clock period long, with timing relationships 
specified in Figure 2. With FS/ high during a falling edge of 
BCLKx, the next rising edge of BCLKx enables the Dx TRI- 
STATE output buffer, which will output the sign bit. The fol- 
lowing seven rising edges clock out the remaining seven 
bits, and the next falling edge disables the Dx output. With 
FSr high during a falling edge of BCLKr (BCLKx in synchro- 
nous mode), the next falling edge of BCLKr latches in the 
sign bit. The following seven falling edges latch in the seven 
remaining bits. All four devices may utilize the short frame 
sync pulse in synchronous or asynchronous operating 
mode. 

LONG FRAME SYNC OPERATION 

To use the long (TP51 16A-type) frame mode, both the 
frame sync pulses, FSx ^rid FSr, must be three or more bit 
clock periods long, with timing relationships specified in Fig- 
ure 3. Based on the transmit frame sync, FSx, COMBO 
will sense whether short or long frame sync pulses are be- 
ing used. For 64 kHz operation, the frame sync pulse must 
be kept low for a minimum of 160 ns. The Dx TRI-STATE 
output buffer is enabled with the rising edge of FSx or the 
rising edge of BCLKx, whichever comes later, and the first 
bit clocked out is the sign bit. The following seven BCLKx 
rising edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLKx edge following the 
eighth rising edge, or by FSx going low, whichever comes 
later. A rising edge on the receive frame sync pulse, FSr, 
will cause the PCM data at Dr to be latched in on the next 
eight falling edges of BCLKr (BCLKx in synchronous 
mode). All four devices may utilize the long frame sync 
pulse in synchronous or asynchronous mode. 

SIGNALING 

The TP3052 and TP3053 p.-law COMBOs contain circuitry 
to insert and extract signaling information in the PCM data 
stream. The TP3052 is intended for short frame sync appli- 
cations, and the TP3053 for long frame sync applications, 
although the TP3053 may also be used in short frame sync 
applications. The TP3054 and TP3057 have no provision for 
signaling. 


Signaling for the TP3052 is accomplished by applying a 
frame sync pulse two bit clock periods long, as shown in 
Figure 2. With FSx two bit clock periods long, the data pres- 
ent at SIGx input will be inserted as the LSB in the PCM 
data transmitted during that frame. With FSr two bit clock 
periods long, the LSB of the PCM data read into the Dr 
input will be latched and appear on the SIGr output pin until 
updated following the next signaling frame. The decoder will 
then interpret the lost LSB as “Vi" to minimize noise and 
distortion. This short frame signaling may also be imple- 
mented using the TP3053, providing SFr and SFx are left 
open circuit or tied low. The TP3052 is not capable of insert- 
ing or extracting signaling information in the long frame 
mode. 

Signaling for the TP3053 may be accomplished in either 
short or long frame sync mode. The short mode signaling is 
the same as the TP3052. For long frame signaling,_two addi- 
tional frame sync pulses are required, SFx and SFr, which 
indicate transmit and receive signaling frames, respectively. 
With an SFx signaling frame sync, the data present at the 
SIGx input will be inserted as the LSB in the PCM data 
transmitted during that frame. With an SFr signaling frame 
sync, the LSB of the PCM data at Dr will be latched and 
appear on the SIGr output pin until the next signaling frame. 
The decoder will also do the “Vz” step interpretation to 
compensate for the loss of the LSB. 

TRANSMIT SECTION 

The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resistors, 
see Figure 4. The low noise and wide bandwidth allow gains 
in excess of 20 dB across the audio passband to be real- 
ized. The op amp drives a unity-gain filter consisting of RC 
active pre-filter, followed by an eighth order switched-ca- 
pacitor bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and-hold circuit. 
The A/D is of companding type according to fi-law 
(TP3052, TP3053, TP3054) or A-law (TP3057) coding con- 
ventions. A precision voltage reference is trimmed in manu- 
facturing to provide an input overload (twAx) of nominally 
2.5V peak (see table of Transmission Characteristics). The 
FSx frame sync pulse controls the sampling of the filter out- 
put, and then the successive-approximation encoding cycle 
begins. The 8-bit code is then loaded into a buffer and shift- 
ed out through Dx at the next FSx pulse. The total encoding 
delay will be approximately 165 fiS (due to the transmit fil- 
ter) plus 125 /j,S (due to encoding delay), which totals 290 
/aS. Any offset voltage due to the filters or comparator is 
cancelled by sign bit integration. 

RECEIVE SECTION 

The receive section consists of an expanding DAC which 
drives a fifth order switched-capacitor low pass filter 
clocked at 256 kHz. The decoder is A-law (TP3057) or 
jx-law (TP3052, TP3053, TP3054) and the 5th order low 
pass filter corrects for the sin x/x attenuation due to the 8 
kHz sample/hold. The filter is then followed by a 2nd order 
RC active post-filter/power amplifer capable of driving a 
600fl load to a level of 7.2 dBm. The receive section is 
unity-gain. Upon the occurrence of FSr, the data at the Dr 
input is clocked in on the falling edge of the next eight 
BCLKr (BCLKx) periods. At the end of the decoder time 
slot, the decoding cycle begins, and 10 fxS later the decoder 
DAC output is updated. The total decoder delay is ~ 10 ftS 
(decoder update) plus 1 1 0 fxS (filter delay) plus 62.5 jxS (Vz 
frame), which gives approximately 180 jiS. 
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I 

Absolute Maximum Ratings 

VcctoGNDA 7V 

VbbIoGNDA -7V 

Voltage at any Analog Input 

or Output Vcc + 0.3V to Vbb- 0.3V 


Voltage at any Digital Input or 
Output Vcc+ 0.3V to GNDA- 0.3V 

Operating Temperature Range — 25°Cto+ 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering. 1 0 seconds) 300°C 


Electrical Characteristics unless otherwise noted: Vcc=5.0V ±5 %. Vbb= -5V±5%,GNDA=0V.Ta=0‘‘C 

to 70°C: typical characteristics specified at Vcc = 5.0V, Vbb = -5.0V, TA=25°C;all signals are referenced to GNDA. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DIGITAL INTERFACE 

V|L 

Input Low Voltage 



1 

2QI 

V 

V|H 

Input High Voltage 


2.2 



V 

Vql 

Output Low Voltage 

Dx, lL = 3-2mA 


im 

0.4 

V 



SIGp, Il= 1.0 mA 



0.4 

V 



TSx, Il = 3.2 mA, Open Drain 

1 


0.4 

V 

VoH 

Output High Voltage 

Dx,Ih=- 3.2 mA 

n 



V 



SIGp, Ih = —1.0 mA 

■■ 



V 

l|L 

Input Low Current 

GNDA^V|n^V|l, All Digital Inputs 

-10 


10 

juA 

l|H 

Input High Current 

V|H^V|N^Vcc 

-10 


10 

fiA 

Iqz 

Output Current in High Impedance 
State (TRI-STATE) 

Dx. GNDA ^ Vo ^ Vcc 

-10 

■ 

10 

jaA 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 

l|XA 

Input Leakage Current 

-2.5V^V^-f2.5V,VFxl+ orVFxl- 

-200 


200 

nA 

R|XA 

Input Resistance 

-2.5V^V^+2.5V, VFxl+ orVFxl" 

10 



Mn 

RqXA 

Output Resistance 

Closed Loop, Unity Gain 


1 

3 

n 

RlXA 

Load Resistance 

GSx 

10 



kn 

ClXA 

Load Capacitance 

GSx 



50 

pF 

VqXA 

Output Dynamic Range 

GSx, RL^IOkft 

±2.8 

i 


V 

AyXA 

Voltage Gain 

VFxl"^ to GSx 

5000 

1 


v/v 

FuXA 

Unity Gain Bandwidth 


1 

2 


MHz 

VosXA 

Offset Voltage 


-20 


20 

mV 

VcmXA 

Common-Mode Voltage 


-2.5 


2.5 

V 

CMRRXA 

Common-Mode Rejection Ratio 


60 



dB 

PSRRXA 

Power Supply Rejection Ratio 


60 



dB 

ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES) 

RqRF 

Output Resistance 

Pin VFrO 


1 

3 

n 

RlRF 

Load Resistance 

VFrO=±2.5V 

600 



n 

ClRF 

Load Capacitance 




500 

pF 

VOSrO 

Output DC Offset Voltage 


-200 


200 

mV 


POWER DISSIPATION (ALL DEVICES) 


•ccO 


Power-Down Current 





mA 


1.5 










































































































































Timing Specifications 


Symbol 



Frequency of Master Clocks 


Width of Master Clock High 
Width of Master Clock Low 
Rise Time of Master Clock 
Fall Time of Master Clock 
Set-Up Time from BCLKx High 
(and FSx in Long Frame Sync 
Mode) to MCLKx Falling Edge 
Period of Bit Clock 
Width of Bit Clock High 
Width of Bit Clock Low 
Rise Time of Bit Clock 
Fall Time of Bit Clock 
Holding Time from Bit Clock 
Low to Frame Sync 
Holding Time from Bit Clock 
High to Frame Sync 
Set-Up Time from Frame Sync 
to Bit Clock Low 
Delay Time from BCLKx High 
to Data Valid 
Delay Time to TSx Low 
Delay Time from BCLKx Low to 
Data Output Disabled 
Delay Time to Valid Data from 
FSx Of BCLKx, Whichever 
Comes Later 

Set-Up Time from SFx/r High 
to FSx/r 

Set-Up Time from Signal Frame 
Sync High to BCLKx/r Clock 
Set-Up Time from SIGx to 
BCLKx 

Hold Time from BCLKx High to 
SIGx 

Set-Up Time from Dr Valid to 
BCLKr/x Low 

Hold Time from BCLKr/x Low to 
Dr Invalid 

Delay Time from BCLKr/x Low 
to SIGr Valid 

Hold Time from BCLKx/r Low to 
Signaling Frame Sync 
Set-Up Time from FSx/r to 
BCLKx/rLow 

Hold Time from BCLKx/r Low 
to FSx/r Low 

Hold Time from 3rd Period of 
Bit Clock Low to Frame Sync 
(FSx or FSr) 

Minimum Width of the Frame 
Sync Pulse (Low Level) 


short frame sync timing, FSx and FSr must go 


Conditions 


Depends on the Device Used and the 
BCLKr/CLKSEL Pin. 

MCLKx and MCLKr 
MCLKx and MCLKr 
MCLKx and MCLKr 
MCLKx and MCLKr 
MCLKx and MCLKr 
F irst Bit Clock after the Leading 
Edge of FSx 


V|h = 2.2V 
V|l=0.6V 
tpB = 488 ns 
tpB = 488 ns 
Long Frame Only 

Short Frame Only 

Long Frame Only 

Load = 1 50 pF plus 2 LSTTL Loads 
Load = 1 50 pF plus 2 LSTTL Loads 


Min Typ 


Max Units 


CL = 0pFto 150 pF 


TP3053 Only 
TP3053 Only 


TP3052 and TP3053 


TP3052 and TP3053 




Load = 50 pF plus 2 LSTTL Loads 
TP3053 Only 

Short Frame Sync Pulse (1 or 2 Bit Clock 
Periods Long) (Note 1) / 

Short Frame Sync Pulse (1 or 2 Bit Clock 
Periods Long) (Note 1) 

Long Frame Sync Pulse (from 3 to 8 Bit 
Clock Periods Long) 

64k Bit/s Operating Mode 


high while their respective bit clocks are high. 



485 488 

160 
160 
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Transmission Characteristics (All Devices) Unless otherwise specified: Ta = 0°C to 70°C, Vcc=5\/±5%, 
Vbb= -5V±5%, GNDA = 0V, f = 1.02 kHz, V|n = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. 


Symbol 

Parameter 

Conditions 

Min 

AMPLITUDE RESPONSE 


Absolute Levels 

Nominal 0 dBmO Level is 4 dBm 

(600n) 

0 dBmO 




TP3052, TP3053. TP3054 

TP3057 


^MAX 


Max Overload Level 




TP3052, TP3053, TP3054 (3.17 dBmO) 
TP3057 (3.14 dBmO) 


Gxa 

Transmit Gain, Absolute 

Ta = 25»C, Vcc = 5V, Vbb = - 5V 

Input atGSx=OdBmO at 1020 Hz 

-0.15 

GxR 

Transmit Gain, Relative to Gxa 

f=16Hz 

f=50Hz 

f=60 Hz 




f=200Hz 

-1.8 



f = 300 Hz -3000 Hz 

-0.15 



f=3300 Hz 

-0.35 



f = 3400 Hz . 
f=4000 Hz 

f=4600 Hz and Up, Measure 

Response from 0 Hz to 4000 Hz 

-0.7 

Gxat 

Absolute Transmit Gain Variation 
with Temperature 

Ta = 0°C to 70“C 


Gxav 

Absolute Transmit Gain Variation 
with Supply Voltage 

Vcc=5V±5%. Vbb= -5V±5% 


Gxrl 

Transmit Gain Variations with 

Sinusoidal Test Method 



Level 

Reference Level =—10 dBmO 

VFxl + = — 40 dBmO to -t- 3 dBmO 

-0.2 



VFxl+ = —50 dBmO to —40 dBmO 

-0.4 



VFxl + = - 55 dBmO to - 50 dBmO 

-1.2 

Gra 

‘ Receive Gain, Absolute 

Ta = 25“C. Vcg=5V, Vbb= -5V 

Input = Digital Code Sequence for 

0 dBmO Signal at 1020 Hz 

-0.15 

Grr 

Receive Gain, Relative to Gra 

f=0 Hz to 3000 Hz • 

-0.15 



f=3300 Hz 

-0.35 



f=3400 Hz 
f=4000 Hz 

-0.7 

Grat 

Absolute Receive Gain Variation 
with T emperature 

Ta = 0°C to 70“C 


Grav 

Absolute Receive Gain Variation 
with Supply Voltage 

Vcc = 5V ± 5%, Vbb = - 5V ± 5% 


Grrl 

Receive Gain Variations with 

Sinusoidal Test Method; Reference 



Level 

Input PCM Code Corresponds to an 

Ideally Encoded— 10 dBmO Signal 




PCM Level= -40 dBmO to -1- 3 dBmO 

-0.2 



PCM Level = -50 dBmO to -40 dBmO 

-0.4 



PCM Level = -55 dBmO to -50 dBmO 

-1.2 

Vro 

Receive Output Drive Level 

Rl= 60011 

-2.5 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: Ta = 0°C to 70°C, 

Vcc = 5V ± 5% , Vbb = - 5V ± 5%, GNDA = OV, f = 1 .02 kHz, V|n = 0 dBmO, transmit input amplifier connected for unity-gain non- 
inverting. 


Parameter 

Conditions 

Min 

Typ 

Max 


Symbol 


ENVELOPE DELAY DISTORTION WITH FREQUENCY 


Dxa 

Transmit Delay, Absolute 

f=1600 Hz 


DxR 

Transmit Delay, Relative to Dxa 

f = 500 Hz-600 Hz 
f=600 Hz- 800 Hz 
f = 800 Hz- 1000 Hz 
f=1000 Hz-1600 Hz 
f= 1600 Hz-2600 Hz 

f = 2600 Hz-2800 Hz 

f = 2800 Hz-3000 Hz 


Dra 

Receive Delay, Absolute 

f=1600 Hz 


Drr 

Receive Delay, Relative to Dra 

f = 500 Hz- 1000 Hz 
f=1000 Hz- 1600 Hz 
f=1600 Hz-2600 Hz 

f = 2600 Hz- 2800 Hz 

f = 2800 Hz- 3000 Hz 

-4 

-3 



Transmit Noise, C Message 

TP3052, TP3053, TP3054 VFxl + = OV 


12 

15 

Weighted 

Transmit Noise, P Message 

TP3057VFxl+=0V 


-74 

-69 

Weighted 




(Note 1) 

Receive Noise, C Message 

TP3052, TP3053, TP3054 PCM Code 


8 

11 

Weighted 

Equals Alternating Positive and 

Negative Zero 




Receive Noise, P Message 

TP3057 PCM Code Equals Positive 


-82 

-79 

Weighted 

Zero 




Noise, Single Frequency 

f = 0 kHz to 1 00 kHz, Loop Around 
Measurement, VFxl+ = 0 Vrms 



-53 

Positive Power Supply Rejection, 

VFxl+=0Vrms, 




Transmit 

Vcc =5.0 Vqc +100 mVrms 





f=0 kHz-50 kHz 

40 



Negative Power Supply Rejection, 

VFxl+=0Vrms, 




Transmit 

Vbb~ ~5.0 Vdc+ 100 mVrms 





f=0 kHz-50 kHz 

40 



Positive Power Supply Rejection, 

PCM Code Equals Positive Zero 




Receive 

Vcc = 5.0 Vqc + 1 00 mVrms 





f = 0 Hz-4000 Hz 

f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 

40 

40 

36 



Negative Power Supply Rejection, 

PCM Code Equals Positive Zero 




Receive 

Vbb~ ~5.0Vdc+ 100 mVrms 





f = 0 Hz-4000 Hz 

40 




f = 4 kHz-25 kHz 

40 




f = 25 kHz-50 kHz 

36 
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Transmission Characteristics (Continued) (All Devices) Unless othenwise specified: Ta= 0°C to 70°C, 
Vcc=5V±5%, Vbb = -5V±5%, GNDA=0V, f=1.02 kHz, V|n= 0 dBmO, transmit input amplifier connected for unity-gain 
non-inverting. 


Symbol 

Parameter 

Conditions 

SOS 

Spurious Out-of-Band Signals 
at the Channel Output 

Loop Around Measurement, 0 dBmO, 

300 Hz-3400 Hz Input Applied to VFxl + , 
Measure Individual Image Signals at 

VFrO 

4600 Hz-7600 Hz 

7600 Hz-8400 Hz 

8400 Hz- 100,000 Hz 


DISTORTION 


CROSSTALK 


Note 1: Measured by extrapolation from the distortion test result. 

Note 2: CTp.^ is measured with a -40 dBmO activating signal applied at VF^I’^ 



V|(\| (at GSx) = + Full-Scale 

V|N(atGSx) = OV 

V||\| (at GSx) = — Full-Scale 


ENCODING FORMAT AT Dx OUTPUT 


TP3052, TP3053, TP3054 
fx-Law 


lo 1 1 1 1 1 1 1 



Max 

Units 

-32 

dB 

-40 

dB 

-32 

dB 


STDx 

Signal to Total Distortion 

Sinusoidal Test Method 


STDr 

Transmit or Receive 

Level =3.0 dBmO 

33 


Half-Channel 

= 0 dBmO to -30 dBmO 

36 



= -40 dBmO XMT 

29 



RCV 

30 



= -55 dBmO XMT 

14 



RCV 

15 

SFDx 

Single Frequency Distortion, 
Transmit 



SFDr 

Single Frequency Distortion, 
Receive 



IMD 

Intermodulation Distortion 

Loop Around Measurement, 

VFx+ = —4 dBmO to —21 dBmO, Two 
Frequencies in the Range 

300 Hz-3400 Hz 




dBC 


dBC 


dBC 


dBC 


dBC 


dBC 

-46 

dB 

-46 

dB 

-41 

dB 


CTx.r 

Transmit to Receive Crosstalk, 

f=300 Hz-3400 Hz 


0 dBmO Transmit Level 

Dr = Steady PCM Code 

CTr.x 

Receive to Transmit Crosstalk, 

0 dBmO Receive Level 

f=300 Hz-3400 Hz, VFxl = 0V 




TP3057 

A-Law 

(Includes Even Bit Inversion) 


10 10 10 1 
110 10 10 
0 10 10 10 
0 0 1 0 10 1 
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Applications informatiqn 

POWER SUPPLIES 

While the pins of the TP3050 family are well protected 
against electrical misuse, it is recommended that the stan- 
dard CMOS practice be followed, ensuring that ground is 
connected to the device before any other connections are 
made. In applications where the printed circuit board may be 
plugged into a “hot" socket with power and clocks already 
present, an extra long ground pin in the connector should 
be used. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 
minimizes the interaction of ground return currents flowing 
through a common bus impedance. 0.1 fiF supply decou- 
pling capacitors should be connected from this common 
ground point to Vec and Vge- 

For best performance, the ground point of each CODEC/ 
FILTER on a card should be connected to a common card 
ground in star formation, rather than via a ground bus. 


This common ground point should be decoupled to Vcc and 
Vgg with 10 jiF capacitors. 

RECEIVE GAIN ADJUSTMENT 

For applications where a TP3050 family CODEC/filter re- 
ceive output must drive a 600(1 load, but a peak swing lower 
than +2.5V is required, the receive gain can be easily ad- 
justed by inserting a matched T-pad or w-pad at the output. 
Table II lists the required resistor values for 600(t termina- 
tions. As these are generally non-standard values, the equa- 
tions can be used to compute the attenuation of the closest 
practical set of resistors. It may be necessary to use un- 
equal values for the R1 or R4 arms of the attenuators to 
achieve a precise attenuation. Generally it is tolerable to 
allow a small deviation of the input impedance from nominal 
while still maintaining a good return loss. For example a 30 
dB return loss against 600(1 is obtained if the output imped- 
ance of the attenuator is in the range 282(1 to 319(1 (as- 
suming a perfect transformer). 


T-Pad Attenuator 



/ N2 + 1 1 , / N ' 


Also; Z = /Zsc • Zqc 

Where Zsc = impedance with short circuit termination 
and Zqc “ impedance with open circuit termination 

TT-Pad Attenuator 



Note: See Applications Brief 13 for further details. 


R3 Z1 ( — — - 

VN2 2NS -t- 1 , 
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Applications information (Continued) 

TABLE II. ATTENTUATOR TABLES FOR Z1 = Z2 = 3000 
(ALL VALUES IN O) 


dB 

R1 

R2 

R3 

R4 

0.1 

1.7 

26k 

3.5 

52k 

0.2 

3.5 

13k 

6.9 

26k 

0.3 

5.2 

8.7k 

10.4 

17.4k 

0.4 

6.9 

6.5k 

13.8 

13k 

0.5 

8.5 

5.2k 

17.3 

10.5k 

0.6 

10.4 

4.4k 

21.3 

8.7k 

0.7 

12.1 

3.7k 

24.2 

7.5k 

0.8 

13.8 

3.3k 

27.7 

6.5k 

0.9 

15.5 

2.9k 

31.1 

5.8k 

1.0 

17.3 

2.61 

34.6 

5.2k 

2 

34.4 

1.3k 

70 

2.6k 

3 

51.3 

850 

107 

1.8k 

4 

68 

650 

144 

1.3k 

5 

84 

494 

183 

1.1k 

6 

100 

402 

224 

900 

7 

115 

380 

269 

785 

8 

379 

284 

317 

698 

9 

143 

244 

370 

630 

10 

156 

211 

427 

527 

11 

168 

184 

490 

535 

12 

180 

161 

550 

500 

13 

190 

142 

635 

473 

14 

200 

125 

720 

450 

15 

210 

110 

816 

430 

16 

218 

98 

924 

413 

18 

263 

77 

1.17k 

386 

20 

246 

61 

1.5k 

366 


Typical Synchronous Application 



FIGURE 4 




National 

JSjI Semiconductor 

TP3064, TP3067 Monolithic Serial Interface 
CMOS CODEC/FILTER Combos 


PRELIMINARY 


General Description 

The TP3064 (/x-law) and TP3067 (A-law) are monolithic 
PCM CODEC/FILTERS utilizing the A/D and D/A conver- 
sion architecture shown in Figure 1, and a serial PCM inter- 
face. The devices are fabricated using National’s advanced 
double-poly CMOS process (microCMOS). 

Similar to the TP3050 family, these devices feature an addi- 
tional Receive Power Amplifier to provide push-pull bal- 
anced output drive capability. The receive gain can be ad- 
justed by means of two external resistors for an output level 
of up to ±6.6V across a balanced 600n load. 

Also included is an Analog Loopback switch and TSx out- 
put. 


Features 

■ Complete CODEC and filtering system including; 

— Transmit high-pass and low-pass filtering 

— Receive low-pass filter with sin x/x correction 

— Active RC noise filters 

— jx-law or A-law compatible COder and DECoder 

— Internal precision voltage reference 

— Serial I/O interface 

— Internal auto-zero circuitry 

— Receive push-pull power amplifiers 

■ fi-law — ^TP3064 

■ A-law— TP3067 

■ Meets or exceeds all D3/D4 and CCITT specifications 

■ ±57 operation 

□ Low operating power — typically 70 mW 

B Power-down standby mode — typically 3 mW 

□ Automatic power-down 

P TTL or CMOS compatible digital interfaces 

□ Maximizes line interface card circuit density 
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TP3064/TP3067 



TP3064 
TP3067 
Pin No. 





Name 

Function 

VPO + 

The non-inverted output of the receive power amplifier. 

GNDA 

Analog ground. All signals are referenced to this pin. 

vpo- 

The inverted output of the receive power amplifier. 

VPI 

Inverting input to the receive power amplifier. Also 
powers down both amplifiers when connected to Vge- 

VFrO 

Analog output of the receive filter. 

, Vcc 

Positive power supply pin. Vcc = + 5V ± 5%. 

FSr 

Receive frame sync pulse which enables BCLKr to 


shift PCM data into Dr. FSr is an 8 kHz pulse train. 
See Figures 2 and 3 for timing details. 

Dr 

Receive data input. PCM data is shifted into Dr follow- 
ing the FSr leading edge. 

BCLKr/CLKSEL 

The bit clock which shifts data into Dr after the FSr 
leading edge. May vary from 64 kHz to 2.048 MHz. 
Alternatively, may be a logic input which selects either 
1.536 MHz/1.544 MHz or 2.048 MHz for master clock 
in synchronous mode and BCLKx is used for both 
transmit and receive directions (see Table 1). 

MCLKr/PDN 

Receive master clock. Must be 1.536 MHz, 1.544 MHz 
or 2.048 MHz. May be asynchronous with MCLKx, but 
should be synchronous with MCLKx for best perform- 
ance. When MCLKr is connected continuously low, 
MCLKx 's selected for all internal timing. When 
MCLKr is connected continuously high, the device is 
powered down. 
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Pin Description (Continued) 



TP3064 

TP3067 

Pin No. 

Name 

Function 

11 

MCLKx 

Transmit master clock. Must be 1 .536 MHz, 1 .544 MHz or 2.048 MHz. 
May be asynchronous with MCLKr. 

12 

BCLKx 

The bit clock which shifts out the PCM data on Dx- May vary from 

64 kHz to 2.048 MHz, but must be synchronous with MCLKx. 

13 

Dx 

The TRI-STATE® PCM data output which is enabled by FSx. 

14 

FSx 

Transmit frame sync pulse input which enables BCLKx 1o shift out the 
PCM data on Dx. FSx 'S an 8 kHz pulse train, see Figures 2 and 3 for 
timing details. 

15 

TSx 

Open drain output which pulses low during the encoder time slot. 

16 

ANLB 

Analog Loopback control input. Must be set to logic ‘0’ for normal 
operation. When pulled to logic ‘1’, the transmit filter input is discon- 
nected from the output of the transmit preamplifier and connected to 
the VPO+ output of the receive power amplifier. 

17 

GSx 

Analog output of the transmit input amplifier. Used to externally set 
gain. 

18 

VFxl- 

Inverting input of the transmit input amplifier. 

19 

VFxl + 

Non-inverting input of the transmit input amplifier. 

20 

Vbb 

Negative power supply pin. Vbb= -5V± 5%. 


Functional Description 

POWER-UP 

When power is first applied, power-on reset circuitry initial- 
izes the COMBO and places it into the power-down mode. 
All non-essential circuits are deactivated and the Dx, VFrO, 
VPO- and VPO+ outputs are put in high impedance states. 
To power-up the device, a logical low level or clock must be 
applied to the MCLKr/PDN pin and FSx and/or FSr pulses 
must be present. Thus, 2 power-down control modes are 
available. The first is to pull the MCLKr/PDN pin high; the 
alternative is to hold both FSx and FSr inputs continuously 
low — the device will power-down approximately 2 ms after 
the last FSx Of FSr pulse. Power-up will occur on thg first 
FSx or FSr pulse. The TRI-STATE PCM data output, Dx, 
will remain in the high impedance state until the second FSx 
pulse. 

SYNCHRONOUS OPERATION 

For synchronous operation, the same master clock and bit 
clock should be used for both the transmit and receive di- 
rections. In this mode, a clock must be applied to MCLKx 
and the MCLKr/PDN pin can be used as a power-down 
control. A low level on MCLKr/PDN powers up the device 
and a high level powers down the device. In either case, 
MCLKx will be selected as the master clock for both the 
transmit and receive circuits. A bit clock must also be ap- 
plied to BCLKx and the BCLKr/CLKSEL can be used to 
select the proper internal divider for a master clock of 1.536 
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd clock 
pulse each frame. 


With a fixed level on the BCLKr/CLKSEL pin, BLCKx will be 
selected as the bit clock for both the transmit and receive 
directions. Table I indicates the frequencies of operation 
which can be selected, depending on the state of BCLKr/ 
CLKSEL. In this synchronous mode, the. bit clock, BCLKx, 
may be from 64 kHz to 2.048 MHz, but must be synchro- 
nous with MCLKx. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Dx output on the positive edge of BCLKx. After 8 
bit clock periods, the TRI-STATE Dx output is returned to a 
high impedance state. With an FSr pulse, PCM data is 
latched via the Dr input on the negative edge of BCLKx (or 
BCLKr if running). FSx and FSr must be synchronous with 
MCLKx/r. 

TABLE I. SELECTION OF MASTER CLOCK 
FREQUENCIES 


BCLKr/CLKSEL 


1 (or Open Circuit) 


Master Clock 

Frequency Selected 

TP3067 

TP3064 

2.048 MHz 

1.536 MHz or 
.1.544 MHz 

1.536 MHz or 

1.544 MHZ 

2.048 MHz 

2.048 MHz 

1.544 MHz 
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Functional Description (Continued) 

ASYNCHRONOUS OPERATION 

For asynchronous operation, separate transmit and receive 
clocks may be applied. MCLKx and MCLKr must be 2.048 ' 
MHz for the TP3067, or 1.536 MHZ, 1.544 MHz for the 
TP3064, and need not be synchronous. For best transmis- 
sion performance, however, MCLKr should be synchronous 
with MCLKx, which is easily achieved by applying only static 
logic levels to the MCLKr/PDN pin. This will automatically 
connect MCLKx fo all internal MCLKr functions (see Pin 
Description). For 1.544 MHz operation, the device automati- 
cally compensates for the 193rd clock pulse each frame. 
FSx starts each encoding cycle and must be synchronous 
with MCLKx and BCLKx- FSr starts each decoding cycle 
and must be synchronous with BCLKr. BCLKr must be a 
clock, the logic ievels shown in Table I are not valid in asyn- 
chronous mode. BCLKx and BCLKr may operate from 64 
kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync pulse (the 
same as the TP3020/21 CODECs) or a long frame sync 
pulse (the same as the TP5116A family of CODECs). Upon 
power initialization, the device assumes a short frame 
mode. In this mode, both frame sync pulses, FSx and FSr, 
must be one bit clock period long, with timing relationships 
specified in Figure 2. With FSx high during a falling edge of 
BCLKx, the next rising edge of BCLKx enables the Dx TRI- 
STATE output buffer, which will output the sign bit. The fol- 
lowing seven rising edges clock out the remaining seven 
bits, and the next falling edge disables the Dx output. With 
FSr high during a falling edge of BCLKr (BCLKx in synchro- 
nous mode), the next falling edge of BCLKr latches in the 
sign bit. The following seven falling edges latch in the seven 
remaining bits. Both devices may utilize the short frame 
sync pulse in synchronous or asynchronous operating 
mode. 

LONG FRAME SYNC OPERATION 

To use the long (TP5116A-type) frame mode, both the 


frame sync pulses, FSx and FSr, must be three or more bit 
clock periods long, with timing relationships specified in Fig- 
ure 3. Based on the transmit frame sync, FSx, the COMBO 
will sense whether short or long frame sync pulses are be- 
ing used. For 64 kHz operation, the frame sync pulse must 
be kept low for a minimum of 160 ns. The Dx TRI-STATE 
output buffer is enabled with the rising edge of FSx or the 
rising edge of BCLKx, whichever comes later, and the first ' 
bit clocked out is the sign bit. The following seven BCLKx 
rising edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLKx edge following the 
eighth rising edge, or by FSx going low, whichever comes 
later. A rising edge on the receive frame sync pulse, FSr, 
will cause the PCM data at Dr to be latched in on the next 
eight falling edges of BCLKr(BCLKx in synchronous mode). 
Both devices may utilize the long frame sync pulse in syn- 
chronous or asynchronous mode. 


The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resistors, 
see Figure 5. The low noise and wide bandwidth allow gains 
in excess of 20 dB across the audio passband to be real- 
ized. The op amp drives a unity-gain filter consisting of RC 
active pre-filter, followed by an eighth order switched-ca- 
pacitor bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and-hold circuit. 
The A/D is of companding type according to ju,-law 
(TP3064) or A-law (TP3067) coding conventions. A preci- 
sion voltage reference is trimmed in manufacturing to pro- 
vide an input overload (tn^Ax) of nominally 2.5V peak (see 
table of Transmission Characteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and then the 
successive-approximation encoding cycle begins. The 8-bit 
code is then loaded into a buffer and shifted out through Dx 
at the next FSx pulse. The total encoding delay will be ap- 
proximately 165 JUS (due to the transmit filter) plus 125 jus 
(due to encoding delay), which totals 290 jus. Any offset 
voltage due to tjie filters or comparator is cancelled by sign 
bit integration. 


TRANSMIT SECTION 


V|M— -t- Full-Scale 
V|N = 0V 

V|N= - Full-Scale 


fo 


0 0 
1 1 
1 1 
0 0 


ENCODING FORMAT AT Dx OUTPUT 


TP3067 

A-Law 

(Includes Even Bit Inversion) 


TP3064 

/x-Law 


0 0 
1 1 
1 1 
0 0 


0 0 
1 1 
1 1 
0 0 


0 1 
1 1 
1 0 
0 0 


0 1 
1 0 
1 0 
0 1 


0 1 
1 0 
1 0 
0 1 


0 1 
1 0 
1 0 
0 1 


0 

1 

1 

0 


5-46 





Functional Description (Continued) 

RECEIVE SECTION 

The receive section consists of an expanding DAC which 
drives a fifth order switched-capacitor low pass filter 
clocked at 256 kHz. The decoder is A-law (TP3067) or 
fi-law (TP3064) and the 5th order low pass filter corrects for 
the sin x/x attenuation due to the 8 kHz sample/hold. The 
filter is then followed by a 2nd order RC active post-filter 
with its output at VFrO. The receive section is unity-gain, 
but gain can be added by using the power amplifiers. Upon 
the occurrence of FSr, the data at the Dr input is clocked in 
on the falling edge of the next eight BCLKr (BCLKx) peri- 
ods. At the end of the decoder time slot, the decoding cycle 
begins, and 10 jis later the decoder DAC output is updated. 
The total decoder delay is ~10 p.s (decoder update) plus 
110 /iS (filter delay) plus 62.5 fis (Va frame), which gives 
approximately 180 fj.s. 


RECEIVE POWER AMPLIFIERS 

Two inverting rhode power amplifiers are provided for direct- 
ly driving a matched line interface transformer. The gain of 
the first power amplifier can be adjusted to boost the ±2.5V 
peak output signal from the receive filter up to ±3.3V peak 
into an unbalanced 300(1 load, or ±4.0V into an unbal- 
anced 15 kn load. The second power amplifier is internally 
connected in unity-gain inverting mode to give 6 dB of signal 
gain for balanced loads. 

Maximum power transfer to a 600(1 subscriber line termina- 
tion is obtained by differentially driving a balanced trans- 
former with a turns ratio, as shown in Figure 2. A total 
peak power of 15.6 dBm can be delivered to the load plus 
termination. 

Both power amplifiers can be powered down independently 
from the PDN input by connecting the VPI input to Vrb. 
saving approximately 12 mW of power. 


Absolute Maximum Ratings 

VcctoGNDA 7V 

VBBtoGNDA -7V 

Voltage at any Analog Input 

or Output Vcc + 0.3VtoVBB~0-3V 


Voltage at any Digital Input 

or Output Vcc + 0.3V to GNDA-0.3V 

Operating Temperature Range - 25°C to + 1 25°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 300°C 


Electrical Characteristics unless otherwise noted: Vcc = 5.0V± 5 %, Vbb= -5V±5%,GNDA=OV,Ta=0°C 

to 70°C: typical characteristics specified at Vcc=5-0V, Vbb= —5.0V, Ta= 25°C; all signals are referenced to GNDA. 


Symbol 

Parameter 

POWER DISSIPATION (ALL DEVICES) 

IccO 

Power-Down Current 

■bbO 

Power-Down Current 

Icc1 

Active Current 

Ibb1 

Active Current 


Conditions 



Power Amplifiers Active, VPI = OV 


Power Amplifiers Active, VPI = OV 


Typ 

Max 

Units 


0.5 

1.5 

mA 

0.05 

0.3 

mA 

7.0 

10.0 

mA 

7.0 

10.0 

mA 


DIGITAL INTERFACE 


V|L 

Input Low Voltage 

V|H 

Input High Voltage 

VoL 

Output Low Voltage 

VoH 

Output High Voltage 

l|L 

Input Low Current 

l|H 

Input High Current 

Iqz 

Output Current in High Impedance 
State (TRI-STATE) 



Dx, Il= 3.2 mA 

SIGr, ![_= 1.0 mA 

TSx, Il= 3.2 mA, Open Drain 


Dx, Ih= — 3.2 mA 
SIGr, I|-| = — 1 .0 mA 


GNDA^V|n^V|l, All Digital Inputs 


Vih^Vin^Vcc 


Dx, GNDA^Vo^Vcc 





10 

/liA 

10 

JJ.A 

10 

jaA 



5-47 


TP3064/TP3067 








































































Electrical Characteristics (continued) 





Unless otherwise noted: Vcc = 5.0V±5%, Vge 

= -5V±5%, GNDA=0V, Ta= 0°C to 70°C: typical characteristics specified at 

Vcc=5.0V, Vbb= -5.0V, Ta= 25'’C: all signals are referenced to GNDA. 

V 




Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 

l|XA 

Input Leakage Current 

-2.5V^V^-l-2.5V.VFxl+ orVFxl- 

-200 


200 

nA 

R|XA 

Input Resistance 

-2.5V^V:S-I-2.5V, VFxl+ orVFxl" 

10 



Mft 

RqXA 

Output Resistance 

Closed Loop, Unity Gain 


1 

3 

ft 

RlXA 

Load Resistance 

GSx 

10 



kft 

ClXA 

Load Capacitance 

GSx 



50 

PF 

VqXA 

Output Dynamic Range 

GSx, Rl^ 10 kft 

±2.8 



V 

AyXA 

Voltage Gain 

VFxl+ to GSx 

5000 



V/V 

FuXA 

Unity-Gain Bandwidth 


1 

2 


MHz 

VosXA 

Offset Voltage 


-20 


20 

mV 

VcmXA 

Common-Mode Voltage 


-2.5 


2.5 

V 

CMRRXA 

Common-Mode Rejection Ratio 


60 



dB 

PSRRXA 

Power Supply Rejection Ratio 


60 



dB 

ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES) 

RoRF 

Output Resistance 

Pin VFrO 


1 

3 

ft 

RlRF 

Load Resistance < 

VFrO=±2.5V 

10 



kft 

ClRF 

Load Capacitance 

VFrO to GNDA 



25 

pF 

VOSrO 

Output DC Offset Voltage 

VFrO to GNDA 

-200 


200 

mV 

ANALOG INTERFACE WITH POWER AMPLIFIERS (ALL DEVICES) 

IPI 

Input Leakage Current 

-t.OV^VPI^t.OV 

-100 


■■ 

nA 

RIPI 

Input Resistance 

-1.0V^VPI^1.0V 

10 



Mft ■ 

VIOS 

Input Offset Voltage 


-25 


25 

mV 

ROP 

Output Resistance 

Inverting Unity-Gain at 

VPO+ or VPO- 


1 


ft 

Fc 

Unity-Gain Bandwidth 

Open Loop (VPO-) 


400 


kHz , , 

ClP 

Load Capacitance 

Rl^ 1500ft 'I VPO+or 



100 

pF 



Rl= 600ft VPO- to 



500 

pF 



RL=300ft J GNDA 



1000 

pF 

GAp+ 

Gain, VPO- to VPO+ 

Rl= 300ft VPO+ to GNDA 

Level at VPO- = 1.77 Vrms 
(-l-3dBmO) 


-1 

1 

V/V 

PSRRp 

Power Supply Rejection of 

VPO- Connected to VPI 






Vcc or Vbb 

0 kHz-4 kHz 

60 



dB 


0 kHz- 50 kHz 


60 

36 


dB 

dB 






































































































































Timing Specifications 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

1/tPM 

Frequency of Master Clock 

Depends on the Device Used and the 


1.536 


MHz 



BCLKr/CLKSEL Pin 


1.544 


MHz 



MCLKx and MCLKr 


2.048 


MHz 

tWMH 

Width of Master Clock High 

MCLKx and MCLKr 

160 



ns 

tWML 

Width of Master Clock Low 

MCLKx and MCLKr 

160 



ns 

<RM 

Rise Time of Master Clock 

MCLKx and MCLKr 



50 

ns 

tFM 

Fall Time of Master Clock 

MCLKx and MCLKr 



50 

ns 

tSBFM 

Set-Up Time from BCLKx High 

First Bit Clock after the Leading 

100 



ns 


(and FSx 'p Long Frame Sync 
Mode) to MCLKx Falling Edge 

Edge of FSx 





tpB 

Period of Bit Clock 


485 

488 

15,725 

ns 

tWBH 

Width of Bit Clock High 

V|h = 2.2V 

160 



ns 

tWBL 

Width of Bit Clock Low 

Vil=0.6V 

160 



ns 

tRB 

Rise Time of Bit Clock 

tpB = 488 ns 



50 

ns 

tpB 

Fall Time of Bit Clock 

tpB = 488 ns 



50 

ns 

tHBF 

Holding Time from Bit Clock 

Low to Frame Sync 

Long Frame Only 

0 



ns 

tHOLD 

Holding Time from Bit Clock 

High to Frame Sync 

Short Frame Only 

0 

■ 


ns 

tSFB 

Set-Up Time for Frame Sync 
to Bit Clock Low 

Long Frame Only 

80 



ns 

toBD 

Delay Time from BCLKx High 
to Data Valid 

Load = 1 50 pF plus 2 LSTTL Loads 

0 

■ 

180 

ns 

tXDP 

Delay Time to T§x Low 

Load = 1 50 pF plus 2 LSTTL Loads 



140 

ns 

tozc 

Delay Time from BCLKx Low to 
Data Output Disabled 


50 


165 

ns 

tQZF 

Delay Time to Valid Data from 

FSx or BCLKx, Whichever 

Comes Later 

Cl = 0 pF to 150 pF 

20 

■ 

165 

ns 

tSDB 

Set-Up Time from Dr Valid to 
BCLKr/x Low 


50 



ns 

tHBD 

Hold Time from BCLKr/x Low to 
Dr Invalid 


50 



ns 

tOFSSG 

Delay Time from BCLKr/x Low 
to SIGr Valid 

Load = 50 pF plus 2 LSTTL Loads 

■ 


300 

ns 

tSF 

Set-Up Time from FSx/r to 

Short Frame Sync Pulse (1 or 2 Bit Clock 

. 50 



ns 


BCLKx/r Low 

Periods Long) (Note 1) 





tHF 

Hold Time from BCLKx/r Low 

Short Frame Sync Pulse (1 or 2 Bit Clock 

100 



ns 


to FSx/r Low 

Periods Long) (Note 1) 





tHBFI 

Hold Time from 3rd Period of 

Long Frame Sync Pulse (from 3 to 8 Bit 

100 



ns 


Bit Clock Low to Frame Sync 
(FSx or FSr) 

Clock Periods Long) 


■ 



tWFL 

Minimum Width of the Frame 

Sync Pulse (Low Level) 

64k Bit/s Operating Mode 

160 



ns' 


Note 1: For short frame sync timing, FSx and FSr must go high while their respective bit clocks are high. 
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5-49 


TP3064/TP3067 





























































































































5-50 


TP3064/TP3067 




Z90Cdl/t^90Cdl 


Ol 




TP3064/TP3067 


Transmission Characteristics (All Devices) Unless otherwise specified: Ta = 0°C to 70°C, Vcc = 5V ± 5%, 
Vbb = - 5V ± 5% , GNDA = OV, f = 1 .02 kHz, V|n= 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. 


Parameter 

Conditions 

Min 

Typ 

Max 


Symbol 


AMPLITUDE RESPONSE 


Absolute Levels 






Transmit Gain, Absolute 


Transmit Gain, Relative to Gxa 






Absolute Transmit Gain Variation 
with Temperature 


Absolute Transmit Gain Variation 
with Supply Voltage 


Transmit Gain Variations with 
Level 


Receive Gain, Absolute 


Receive Gain, Relative to Gra 


Absolute Receive Gain Variation 
with Temperature 


Absolute Receive Gain Variation 
with Supply Voltage 


Receive Gain Variations with 
Level 


Nominal 0 dBmO Level is 4 dBm 
(6000) 

OdBmO 

TP3064 

TP3067 


Max Transmit Overload Level 
TP3064 (3.17 dBmO) 
TP3067 (3.14 dBmO) 


Ta = 25 «c, Vcc = 5V, Vbb = - 5V 
Input at GSx=0 dBmO at 1020 Hz 


f=16Hz 
f=50 Hz 
f=60 Hz 

f=200Hz 
f=300 Hz-3000 Hz 
f= 3300 Hz 
f=3400 Hz 
f=4000 Hz 

f=4600 Hz and Up, Measure 
Response from 0 Hz to 4000 Hz 


Ta«= 0<’C to 70°C 


Vcc=5V±5%,Vbb=-5V±5% 


Sinusoidal Test Method 
Reference Level = - 10 dBmO 
VFxl + = — 40 dBmO to + 3 dBmO 
VFxl+ = -50 dBmO to -40 dBmO 
VFxl + = - 55 dBmO to - 50 dBmO 


Ta= 25“C. Vcc=5V. Vbb= -5V 
Input = Digital Code Sequence for 
0 dBmO Signal at 1 020 Hz 


f=0Hzto 3000 Hz 
f =3300 Hz 
f= 3400 Hz 
f= 4000 Hz 


Ta = 0‘>C to 70°C 


Vcc = 5V ± 5%, Vbb = - 5V ± 5% 


Sinusoidal Test Method; Reference 
Input PCM Code Corresponds to an 
Ideally Encoded • 10 dBmO Signal 
PCM Level = -40 dBmO to +3 dBmO 
PCM Level = -50 dBmO to -40 dBmO 
PCM Level = -55 dBmO to -50 dBmO 


Receive Filter Output at VFrO RL=10kn 
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Transmission Characteristics (Continued) (All Devices) Unless othen/vise specified: Ta= 0°C to 70°C, 

Vcc = 5V±5%, Vbb= -5V±5%, GNDA=0V, f= 1.02 kHz, V|n = 0 dBmO, transmit input amplifier connected for unity-gain non- 
inverting. 


Symbol 

Parameter 

Conditions 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Dxa 

Transmit Delay, Absolute 

f=1600 Hz 

Dxr 

Transmit Delay, Relative to Dxa 

f = 500 Hz -600 Hz 
f = 600Hz-800Hz 
f = 800 Hz-1000 Hz 
f=1000 Hz- 1600 Hz 
f=1600 Hz -2600 Hz 
f = 2600 Hz -2800 Hz 
f = 2800 Hz -3000 Hz 

Dra 

Receive Delay, Absolute 

f=1600 Hz 

Drr 

Receive Delay, Relative to Dra 

f=500 Hz-1000 Hz 
f=1000 Hz-1600 Hz 
f=1600 Hz -2600 Hz 
f = 2600 Hz -2800 Hz 
f = 2800 Hz -3000 Hz 


Nxc 

Transmit Noise, C Message 
Weighted 

TP3064VFxl+=OV 

Nxp 

Transmit Noise, P Message 
Weighted 

TP3067VFxl+=0V 

Nrc 

Receive Noise, C Message 
Weighted 

TP3064 PCM Code Equals Alternating 
Positive and Negative Zero 

Nrp 

Receive Noise, P Message 
Weighted 

TP3067 PCM Code Equals Positive 

Zero 

Nrs 

Noise, Single Frequency 

f = 0 kHz to 1 00 kHz, Loop Around 
Measurement, VFxl + = 0 Vrms 

PPSRx 

Positive Power Supply Rejection, 
Transmit 

VFxl+ =0 Vrms, 

Vcc = 5.0 Vdc + 1 00 mVrms 
f = 0 kHz-50 kHz 

NPSRx 

Negative Power Supply Rejection, 

T ransmit 

VFxl+=0Vrms, 

Vbb=~5.0Vqc+ lOOmVrms 
f=0 kHz-50 kHz 

PPSRr 

Positive Power Supply Rejection, 
Receive 

PCM Code Equals Positive Zero 

Vcc — 5.0 Vqc + 100 mVrms 
f = 0 Hz-4000 Hz 
f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 

NPSRr 

Negative Power Supply Rejection, 
Receive 

PCM Code Equals Positive Zero 

Vbb = — 5.0 Vqc + 1 00 mVrms 
f = 0 Hz-4000 Hz 
f=4 kHz-25 kHz 
f=25 kHz-50 kHz 

SOS 

Spurious Out-of-Band Signals 
at the Channel Output 

Loop Around Measurement, 0 dBmO, 

300 Hz - 3400 Hz Input Applied to VFxl > 
Measure Individual Image Signals at 

VFrO 

4600 Hz-7600 Hz 

7600 Hz-8400 Hz 

8400 Hz-100,000 Hz 
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Transmission Characteristics (Continued) 

(All Devices) Unless otherwise specified: Ta= 0°C to 70°C, Vcc=5V±5%, Vbb~ 5V±5%, GNDA=0V, f=1.02 kHz, 
V|N = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. 


Conditions 


Sinusoidal Test Method 


Level = 3.0 dBmO 

=0 dBmO to —30 dBmO 
= -40 dBmO XMT 

RCV 

= -55 dBmO XMT 

RCV 


Symbol 

Parameter 

DISTORTION 

STDx 

Signal to Total Distortion 

STDr 

Transmit or Receive 
Half-Channel 

SFDx 

Single Frequency Distortion, 
Transmit 

SFDr 

Single Frequency Distortion, 
Receive 

IMD 

Intermodulation Distortion 




Loop Around Measurement, 

VFxl+ = -4 dBmO to —21 dBmO, Two 
Frequencies in the Range 
300 Hz -3400 Hz 



-46 

dB 

-46 

dB 

-41 

dB 


CROSSTALK 


CTx-r 

Transmit to Receive Crosstalk 

f= 300 Hz -3000 Hz 

Dr = Steady PCM Code 


-90 

-75 

dB 

CTr.x 

Receive to Transmit Crosstalk 

f = 300 Hz - 3000 Hz, VFxl = OV 


-90 

-70 
(Note 2) 

' dB 


POWER AMPLIFIERS 


VOL 

Maximum 0 dBmO Level for 
Better than ±0.1 dB Linearity 
Over the Range - 10 dBmO to 
+ 3 dBmO 

Balanced Load, Rl Connected Between 
VPO+andVPO- 
RL=600fl 

RL=1200n 

Rl_=30kn 

S/Dp 

Signal/Distortion 

Rl_= 600n, 0 dBmO 



Note 1: Measured by extrapolation from the distortion test result. 

Note 2: CTr-x is measured with a -40 dBmO activating signal applied at VFxl”* 
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Applications Information 

POWER SUPPLIES 

While the pins of the TP3060 family are well protected 
against electrical misuse, it is recommended that the stan- 
dard CMOS practice be followed, ensuring that ground is 
connected to the device before any other connections are 
made. In applications where the printed circuit board may be 
plugged into a "hot” socket with power and clocks already 
present, an extra long ground pin in the connector should 
be used. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 

Typical Asynchronous Application 


minimizes the interaction of ground return currents flowing 
through a common bus impedance. 0.1 p,F supply decou- 
pling capacitors should be connected from this common 
ground point to Vcc and Vbb- 

For best performance, the ground point of each CODEC/ 
FILTER on a card should be connected to a common card 
ground in start formation, rather than via a ground bus. This 
common ground point should be decoupled to Vcc and Vbb 
with 10 )nF capacitors. 


Note: See Applications Brief 13 for further details. 
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National 

Semiconductor 


PRELIMINARY 


TP3155 Time Slot Assignment Circuit 


General Description 


The TP31 55 is a monolithic CMOS logic circuit designed to 
generate transmit and receive frame synchronization 
pulses for 4 PCM CODEC/Filters. Each frame sync pulse 
may be independently assigned to a time slot in a frame of 
up to 64 time slots. Assignments are controlled by loading 
in an 8-bit word via a simple serial interface port. This con- 
trol interface is compatible with that used on the TP3020/ 
TP3021 and 2910/2911 CODECs, enabling an easy upgrade 
to combo CODEC/Filters to be made. 


Features 

■ Controls 4 CODEC/Filters 

■ Independent transmit and receive time slot 
assignments 

■ 8-channel unidirectional mode 

■ Up to 64 time slots per frame 

■ 4.096 MHz maximum clock rate 

■ Serial control interface compatible with TP3020/ 
TP3021 CODECs 

■ TTL and CMOS compatible inputs 

■ 5 mW, 5V operation 











Absolute Maximum Ratings 




Vcc Relative to GND 

7V 




Voltage at Any Input 
orOutput 

Vcc + 0.3V to GND -0.3V 




Operating Temperature Range 
(Ambient) 

-40‘‘Cto -h70“C 




Storage Temperature Range 
(Ambient) 

-65°Cto -f-150°C 




Maximum Lead Temperature 
(Soldering, lOseconds) 

300*0 




DC Electrical Characteristics 




Unless otherwise noted, Vcc = 

4.75V to 5.25V and ambient temperature is O'C to 70®C. 




Parameter 

Conditions Min 

Typ 

Max 

Units 


Input Voltage Levels 
V|H, Logic High 
V|L, Logic Low 


Input Currents 
All Inputs Except MODE 
MODE 


Output Voltage Levels 
Vqh, Logic High 
Vql. Logic Low 


Power Dissipation 
Operating Current 



V|L<V,N<V|H 

V,L<V,N<V|H 


FSx and FSr Outputs, Ioh = 3 mA 
FSx, FSr and TSx Outputs, Iol= 3 niA 


BCLK = 4.096 MHz, 

Ali Outputs Open-Circuit 



Timing Specifications 


Symboi 

Parameter 

tpc 

Period of Clock 

t RC. t FC 

Rise and Fall Time of Clock 

twCH 

Width of Clock High 

twCL 

Width of Clock Low 

tsDC 

Set-Up Time from Dc to CLKc 

Ihcd 

Hold Time from CLKc to Dc 

tscc 

Set-Up Time from CS to CLKc 

O 

o 

X 

Hold Time from CLKc to CS Low 

tRCCH 

Hold Time from CLKc to CS High 

tsCHC 

Set-Up Time from Channel Select to CLKc 

'hchc 

Hold Time from Channel Select to CLKc 

t RSi t FS 

Rise and Fall Time of XSYNC, RSYNC 

toBF 

Delay Time from BCLK Low to FSx/r 0-3 

High or Low 

tRSYNC 

Hold Time from BCLK to Frame Sync 

tsSYNC 

Set-Up Time from Frame Sync to BCLK 

^DTL 

Delay to TSx Low 

toTH 

Delay toTSxOff 


Conditions 


BCLK, CLKc 


BCLK, CLKc 


BCLK, CLKc 


BCLK, CLKc 
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Connection Diagram 

Dual-In-Line Package 

FSxl 
FSnl 
FSxO 
FSrO 
TS* 

Dc 
CLKc 
R 
MODE 
GND 

TOP VIEW TL/H, 5118 5 


1 

XT 

20 

— Vcc 

2 


19 

— FSr2 

3 


18 

— FSx2 

4 


17 

— FSr3 

5 

TP3155 

16 

— FSx3 

6 


15 

— CHO 

7 


14 

— CHI 

8 


13 

— RSYNC/CH2 

9 


12 

— XSYNC 

10 


11 

— BCLK 


Pin Descriptions 


r II 1 

Number 

Name 

Description 

rill 

Number 

Name 

Description 

1 

FSxl 

A conventional CMOS frame 

11 

BCLK 

The bit clock input, which 



sync output which is normally 



should run at the same rate as 



low, and goes active-high for 8 



that for the CODEC/Filter 



cycles of BCLK when a valid 



combos. 



transmit time slot assignment 

12 

XSYNC 

the transmit TSO sync pulse 



is made. 



input. Must be synchronous 

2 

FSrI 

A conventional CMOS frame 



with BCLK. 



sync output which is normally 

13 

RSYNC/CH2 

The function of this input is 



low, and goes active-high for 8 



determined by the MODE input 



cycles of BCLK when a valid 



(pin 9). In mode 1 this is the 



receive time slot assignment is 



receive TSO sync pulse. 



made. 



RSYNC, which must be 

3 

FSxO 

A transmit frame sync output, 



synchronous with BCLK. In 



similar to pin 1. 



mode 2 this is the CH2 input 

4 

-FSrO 

A receive frame sync output 



for the MSB of the channel 



similar to pin 2. 



select word. 

5 

TSx 

An open-drain N-channel out- 

14 

CHI 

The input for the next signifi- 



put which is normally high im- 



cant bit of the channel select 



pedance but pulls low during 



word. 



any active transmit time slot. 

15 

CHO 

The input for the LSB of the 

6 

Dc 

The input for an 8-bit serial 



channel select word, which 



control word. X is the first bit 



defines the frame sync output 



clocked in. 



affected by the following con- 

7 

CLKc 

The clock input for the control 



trol word. 



interface. 

16 

FSx3 

A transmit frame sync output 

8 

CS 

The active-low chip select for 



similar to pin 1. 



the control interface. 

17 

FSr3 

A receive frame sync output 

9 

MODE 

The mode select input. 



similar to pin 2. 



When left open-circuit or con- 

18 

FSx2 

A transmit frame sync output 



nected to Vcc, mode 1 is 



similar to pin 1. 



selected, and when connected 

19 

FSr2 

A receive frame sync output 



to GND, mode 2 is selected. 



similar to pin 2. 

10 

GND 

The OV ground connection to 

20 

Vcc 

The positive supply to 



the device. 



the device. 5V ± 10% ( ± 5% for 






4 MHz operation). 
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Functional Description 

OPERATING MODES 

The TP3155 control interface requires an 8-bit seriai 
control word which is compatible with that _for ttie 
TP3020/TP3021 and 291 0/2911 CODECs. Two bits, X and R, 
define which of the two groups of frame sync outputs, 
FSxO to FSx3 or FSrO to FSr3, is affected by the control 
word, and a 6-bit assignment field specifies the selected 
time slot, from 0 to 63. A frame sync output is active-high 
for one time slot, which is always 8 cycles of BCLK. A 
frame may consist of any number of time slots up to 64. 

Two modes of operation are available. Mode 1 is for 
systems requiring different time slot assignments for the 
transmit and receive direction of each channel. In this case, 
pin 15 is the RSYNC input which defines the start of each 
receive frame, and the four outputs, FSrO-FSr3, are as- 
signed with respect to RSYNC. The XSYNC input defines 
the start of each transmit frame and outputs FSxO-FSx3 
are assigned with respect to XSYNC. XSYNC may have any 
phase relationship with RSYNC. Inputs CHO and CHI select 
the channel, from 0 to 3 (see Table la). Mode 1 is selected by 
leaving pin 9 (MODE) open-circuit or connecting it to Vcc- 

Mode 2 provides the option of assigning all 8 frame sync 
outputs with respect to the XSYNC input. This makes the 
TP3155TSAC useful for either an 8-channel unidirectional 
controller or for systems in which the transmit and receive 
directions of each channel are always assigned to the 
same time slot as the other, i.e., the FSxand FSr inputs on 
the combo CODEC/Filter are hard-wired together. In this 
case, logical selection of the channel to be assigned is 
made via inputs CHO, CHI and CH2 (see Table lb). Mode 2 is 
selected by connecting pin 9 (MODE) to GND. 

POWER-UP INITIALIZATION 

During power-up, all frame sync outputs, FSxO-FSx3 and 
FSrO-FSr3, are inhibited and held low. No outputs will go 
active until a valid time slot assignment is made. 

LOADING CONTROL DATA 

During the loading of control data, the binary code for the 
selected channel must be set on inputs CHO and CHI (and 
CH2 in mode 2), see Tables la and 1b. 

Control data is clock^ into the Dc input on the falling 
edges of CLKc while CS is low. 

Alternatively, CS may be connected to GND and an exter- 
nally gated burst of 8 positive CLKc pulses used to shift in 
control data on Dq. CLKc must stay low at all other times. 

In either case the shifting of control data may overlap an 
XSYNC or RSYNC pulse, but must be completed in less 
than one frame period. A new time slot assignment is only 
transferred to the selected assignment register and frame 
sync output at the start of the second frame (either trans- 
mit or receive, as appropriate) after CS goes low. 

TIME SLOT COUNTER OPERATION 

At the start of TSO of each transmit frame, defined by the 
first falling edge of BCLK after XSYNC goes high, the 
transmit time slot counter is reset to 000000 and begins to 
Increment once every 8 cycles of BCLK. Each count is 
compared with the 4 transmit assignment registers and, 
on finding a match, a frame sync pulse is generated at that 
FSx output. 


Similarly, the first falling edge of BCLK after RSYNC goes 
high defines the start of receive TSO, and outputs 
FSr0-FSr3 are generated with respect to TSO when the 
receive time slot counter matches the appropriate receive 
assignment register. 

TSx OUTPUT 

In mode 1 (separate transmit and receive assignments), 
this output pulls low whenever any FSx output pulse is be- 
ing generated. In mode 2, this output pulls low whenever 
any FSx or FSr output is being gener^ed. At all other 
times it is open-circuit, allowing the TSx outputs of a 
number of TSACs to be wire-ANDed together with a com- 
mon pull-up resistor. This signal can be used to control the 
TRI-STATE® enable input of a line driver to buffer the 
transmit PCM bus from the CODEC/Filters to the 
backplane. 

TABLE la. CONTROL MODE 1 

(TP3020/TP3021 COMPATIBLE) 


X is the first bit clocked into the Dq input. 

Control Data Format 


T5 

T4 

T3 

T2 

T1 

TO 

Time Slot 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T 

1 

0 

0 

0 

0 

1 

0 

2 

1 

1 

1 

1 

1 

0 

62 

1 

1 

1 

1 

1 

1 

63 


CHO Channel Selected 

0 Assign to FSxO and/or FSrO 

1 Assign to FSxl and/or FSrI 

, 0 Assign to FSx2 and/or FSr2 

1 Assign to FSx3 and/or FSr3 

Action 

Assign time slot to both selected FSx 3nd FSr 
A ssign time slot to selected FSx only 
Assign time slot to selected FSr only 
Disable both selected FSx and FS r 

TABLE 1b. CONTROL MODE 2 
CHI CHO Channel Selected 

0 0 Assign to FSxO 

0 1 Assign to FSxl 

1 0 Assign to FSx2 

1 1 Assign to FSx3 

0 0 Assign to FSrO 

0 1 Assign to FSrI 

1 0 Assign to FSr2 

1 1 Assign to FSr3 


' Assign time slot to selected output 


1 Disable selected output 
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Applications information 

A combination of th0TP3155 TSAC andany CODEC/Fiiter 
combo from the TP3052/3/4/7 or TP3064/7 series wiil 
result in data timing as shown in Figure 1. Although the 
FSx output pulse goes high before BCLKgoes high, the Dx 
output of the combo remains in the TRI-STATE mode until 
both are high. The eighth bit period is shortened to prevent 
a bus clash, just as it is on the TP3020/1 CODECs. 


Alternatively, eight full-length bits can be obtained by in- 
verting the BCLK to the combo devices, thereby aligning 
rising edges of BCLK and FSx/r. 

Figure 2 shows the digital interconnections of a typical 
line card application. 




XSYNC III 


Dx— ( ll2l3l4l5l6l7f8>(ll2¥3X4l5l6f7 


FIGURE 1. Transmit Data Timing 
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TP3155 




TP3155 


oi 


o> 


ro 


-5V 

OV 

5V 

CLK' 

RCV 

DATA 

XMT 

DATA 


XMT SYNC' 

RCV SYNC' 

CHI SELECT' 

CHO SELECT' 


CDMBO HO 


COMBO #1 


COMBO #2 


COMBO #3 



FIGURE 2. Digital Interconnections on a Typical Synchronous Line Card 
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National 

Semiconductor 


PRELIMINARY 


TP3310, TP3311, TP3320, TP3321 Monolithic Reversible 
1200-600/150-75-5 Bit/s CMOS FSK MODEM Famiiy 


General Description 


The TP3320 and TP3321 are general purpose monolithic 
FSK (frequency shift-keyed) MODEMS implemented with 
National’s advanced double-poly CMOS process 
(P^CMOS™).They are capable of generating and receiving 
frequency modulated signals at data rates up to 1200 bit/s 
on voice-grade telephone lines. The TP3320 and TP3321 
are offered in a 20-pin package capable of operating half- 
duplex with a backward channel on two-wire lines or full- 
duplex on four-wire lines according to three pin selectable 
standards: 

— CCITT V23 at 1200 bit/s, with backward channel at 
75 or 150 bit/s. 

—CCITT V23 at 600 bit/s, with backward channel at 
75 or 150 bit/s. 

— BELL 202 at 1200 bit/s, with backward channel at 
5 or 150 bit/s. 

All filtering functions required for frequency generation, 
out-of-band noise rejection and demodulation are per- 
formed by on-chip switched capacitor filters. Internal fre- 
quencies are generated from an inexpensive 3.579545 M Hz 
TV color-burst crystal reference. 

The TP3310 and TP3311 are 16-pin versions of the TP3320 
optimized for low cost applications. 


Features 

■ BELL 202(s) compatible 

0-1200 bit/s with 0-5 or 150 bit/s backward channel 
900 Hz soft carrier turn-off tone 
2025 Hz answer tone 

■ CCITT V23 compatible 

0-1200 bit/s with 0-75 or 150 bit/s backward channel 
0-600 bit/s with 0-75 or 150 bit/s backward channel 
2100 Hz answer tone 

■ Half-duplex operation on two-wire lines 

■ Full-duplex 1200 or 600 bit/s operation on four-wire 
lines 

■ Low operating power: 90 mW (typical) 

■ Low standby power: 2 mW (typical) 

■ ±5V operation 

0 On-chip switched capacitor transmit and receive filters 

■ Uses 3.579545 MHz TV color-burst crystal 

■ Optimized UART interface 

■ Loopback test mode 

B RS232C-type handshake signals 
H TTL and CMOS compatible 


Block Diagram 


CO Cl C2 ate (3) (4) 



(1) TP3310 16 pins 

(2) TP3311 16 pins 

(3) TP3320 20 pins 

(4) TP3321 20 pins 


THRESHOLD 
ADJUST (3.4) 
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Absoiute Maximum Ratings 



Operating Temperature Range 

-25°Cto80‘’C 

Voltage at Any Digital Output 

Vcc + 0.3V to GND -0.3V 

Storage Temperature Range 

-65°Cto -H50°C 

Voltage at Any Analog Output 

Vcc-i-0.3VtoVBB-0.3V 

Vcc with Respect toGND 

7V 

Output Short-Circuit Duration 

Continuous 

Vcc with Respect to Vbb 

14V 

Power Dissipation 

IW/package 

Vbb with Respect to GND 
Voltage at Digital Inputs 
(RTS, TxE, ATE, Dx) 

Voltage at Any Other Input 

-7V 

Vcc -t- 0.3V to GND -0.3V 

Vcc 4- 0.3V to Vbb -0.3V 

Lead Temperature (Soldering, 10 seconds) SOO'C 


Electrical Characteristics 

Unless otherwise noted: Vcc = 5.0V ± 5%, Vbb = - 5.0V ± 5%, GND = OV, = 0“C to 70°C; typical characteristics specified at 

Vcc = 5.0V, Vbb = “ 5.0V, Ta = 25°C; all digital and analog signals are referenced to GND. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DIGITAL INTERFACE 

V|L 

Input Low Voltage 




0.6 

V 

V|H 

Input High Voltage 


2.2 



V 

VoL 

Output Low Voltage 

CTS, CD, CLKx, CLKr, DR Il = 1.0 mA 



0.4 

V 



OSCOUT Il = 1.0 mA 



0.4 

V 

VOH 

Output High Voltage 

CTS, CD, CLKx, CLKr, DR 

MSM 



V 



OSCOUT 




V 

l|L 

Input Low Current 

GND<V|fg<V|L, All Digital Inputs 

-10 


10 


l|H 

Input High Current 

V|H^V|n:<Vcc 

-10 


10 

mA 

POWER DISSIPATION 

IccO 

Power-Down Current 



0.2 


mA 

IbbO 

Power-Down Current 

■ 


0.2 


mA 

Icc1 

Active Current 

Ri_xa> 10 kl] 


10 


mA 

IbbI 

Active Current 

Ri_x;\ ^10 kn 


5 


mA 

ANALOG INTERFACE-TRANSMIT CARRIER OUTPUT (TC) 

Rqxa 

Output Dynamic 

Resistance 



1 


0 

Rlxa 

Load Resistance 

VoxA=± 2.19V 

600 



0 

Clxa 

Load Capacitance 




500 

PF 

VoXA 

Transmit Level 

RL = 600n 


±2.19 


Vp 




5.5 


6.5 

dBm/600n 

Vqsx 

Output Offset Voltage 


-100 


-1-100 

mV 

ANALOG INTERFACE-RECEIVE CARRIER INPUT (RC) 

•iRA 

Input Leakage Current 

o 

o 

> 

VI 

< 

a: 

> 

VI 

m 

m 

> 

-1.0 


-1.0 

fiA 

R|RA 

Input Resistance 


100 



kO 

V|RA 

Receive Signal Level Range 



1 

-6 

dBm/600n 






548 

mVp 
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Timing Specifications 


Symbol 

Parameter 

l/tpM 

Crystal Frequency 

1/tosc 

OSCOUT Frequency 

'rm 

Rise Time OSCOUT Output 

tFM 

Fall Time OSCOUT Output 

tR 

Rise Time CLKx, CLKr 

tF 

Fall Time CLKx, CLKr 

tpDX 

Rise Time Receive Data Output (Dr) 

tFDX 

Fall Time Receive Data Output (Dr) 

tpWNS 

Set-Up Time from Cl Valid to 02 Low 

tpWNH 

Hold Time from 02 Low to Cl 

Invalid 

hCE 

Delay Time from RTS, TXE, or ATE 

Low to Transmit Carrier Enabled 

tjCD 

Delay Time from RTS, TXE, or ATE 
High to Transmit Carrier Disabled 

FORWARD CHANNEL 

tCTSLF 

Delay Time from RTS Low 
to CTS Low 

tcTSHF 

Delay Time from RTS High 
to CTS High 

tCDONF 

Carrier Detector Acquisition Time 

tCDOFFF 

Carrier Detector Release Time 


Conditions 


Cl = 50pF, 1 LSTTL Load 


. = 50pF, 1 LSTTL Load 


. = 50pF, 1 LSTTL Load 


. = 50 pF, 1 LSTTL Load 


. = 50 pF, 1 LSTTL Load 


Cl = 50 pF, 1 LSTTL Load 


B 


Power-Down/Power-Up Transition 


{Figure 5) 


(Figure 5) 


BR = 1200 or 600 Bit/s 


BACKWARD CHANNEL 


tCTSLB 

Delay Time from RTS Low 
to CTS Low 

tcTSHB 

Delay Time from RTS High 
to CTS High 

fCDONB 

Carrier Detector Acquisition Time 

tcDOFFB 

Carrier Detector Release Time 


(Figure 5) 


BR = 5 or 75 Bit/s 
BR=150 Bit/s 



Note 1: Crystal parameters Rs^lSOQ, L=100 mH, Cm = 0.02 pF, Ch = 5 pF. 

TABLE I. CARRIER FREQUENCY ACCURACY 


Standard FSK 
Frequency (Hz) 


Output 

Frequency Using 
3.579545 MHz 
Crystal (Hz) 


1300.71 

2100.67 


1300.71 

1701.30 




TP3310, TP3311, TP3320, TP3321 






























































































































Transmission Performance 


Parameter 


Conditions 


TRANSMITTER 


Dtx 



Maximum Delay 
from Transmit Data 
Input (Dx) to Transmit 
Carrier Frequency 
Change 


Out-of-Band Energy 
Referred to Carrier 
Level 



F & 3.4 kHz (see Figure 3) 
FsSkHz 


Sr 

Input Signal Level 

Then 

Carrier Detect 
Threshold 

Hcd 

Carrier Detect 
Hysteresis 


-THRESHOLD ADJUST = Vcc(-f5V) ON 

OFF 

-THRESHOLD ADJUST = GND(0V) ON 
(TP3320/TP3321) OFF 

-THRESHOLD ADJUST = Vbb(-5V) ON 
(TP3320/TP3321) OFF 


Measured from Then ON to Thco OFF 


-6 

dBm/600n 

-43 

dBm 


dBm 

-38 

dBm 


dBm 

-33 

dBm 


dBm 

5 

dB 


FORWARD CHANNEL 


IDp 

Peak Intersymbol 
Distortion 

(Isochronous ± Bias) 

Back-to-Back Over Input Signal Range 
-6 dBm to -43 dBm 

511-Bit Test Pattern BR = 1200 Bit/s 

BR = 600 Bit/s 

BERp 

Bit Error Rate 

Back-to-Back over a Flat Line with Additive 

300 Hz - 3400 Hz Flat Noise— 

Receive Signal Level: - 6 dBm to - 43 dBm 

511 -Bit Test Pattern S/N = 7dB 

S/N = 10dB 


BACKWARD CHANNEL 


IDb 

Peak Intersymbol 
Distortion 

(Isochronous ± Bias) 

Back-to-Back Over Input Signal Range 

-6 dBm to -43 dBm BR = 150 Bit/s 

511-Bit Test Pattern BR = 75 Bit/s 


BERb 

Bit Error Rate 

Back-to-Back over a Flat Line with Additive 

300 Hz - 3400 Hz Flat Noise— 

Receive Signal Level: - 6 dBm to - 43 dBm 

51 1-Bit Test Pattern S/N=-2dB 

S/N = 1 dB 




















































Connection Diagrams 

Dual-tn-Line Package Dual-ln-Line Package 


— Vcc 
— RC 
— CD 
— Dh 
— Vbb 
— C2 
— Cl 
— CO 

TOP VIEW 

TL/H/5025-1 

(1) TP3310 

(2) TP3311 


Order Number TP3310J or TP3311J 
NS Package Number J16A 

Order Number TP3310N or TP3311N 
NS Package Number N16A 


Order Number TP3320J or TP3321J 
NS Package Number J20A 


TC — 

1 


16 

RTS(1) 

TxE(2)-- 

2 


15 

CTS (1) 



14 

CLKx (2) 

Ox — 

4 

TP3310 

TP3311 

13 

GND — 

5 

12 

CLKr — 

6 


11 

XTAL1/CLK — 

7 


10 

XTAL2 — 

8 


9 



(3) TP3320 

(4) TP3321 


Functional Description 


POWER-UP AND INITIALIZATION 

When power.is first applied, power-on reset circuitry in- 
itializes the MODEM and places it into the power-up mode. 
In applications where transmission toward the telephone 
line is not continuous, and where power consumption 
needs to be low, the MODEM can be powered down using 
control inputs Cl and C2. (See Figure 4.) 

In the power-down mode, all nonessential circuits are de- 
activ ated, and analog output TC is grounded. Outputs Dr, 
CTS and CD are put in a high impedance state. External 
clocks OSCOUT, CLKx and CLKr remain in a low imped- 
ance high or low state. 

TRANSMITTER 

The transmitter consists of a digitally controlled fre- 
quency modulator followed by a transmit switched capac- 
itor filter and a postfilter {Figure 1). It converts the digital 
Information received from a UART or from a DTE into a fre- 
quency modulated sine-wave (Figure 2). The output power 
amplifier can directly drive a transformer or DAA coupler 
to the telephone line. 

In order to avoid generating unwanted frequency com- 
ponents and to minimize bit length distortion, the 
modulator maintains phase continuity when switching 
between the two carrier frequencies. 


The transmit filter and the postfilter attenuate any un- 
wanted frequency created by the modulation process, so 
that the level of spurious out-of-band signals transmitted 
to the telephone line is maintained belowthe limits of FCC 
and CCITT specifications (see Figure 3). 

The frequency assignments for the three standards are 
also shown in Figure 3 and in Table II. The telephone 
channel bandwidth is divided into a forward channel on 
which transmission occurs at 1 200 bit/s or 600 bit/s, and 
a backward channel on which transmission is at a lower 
rate; 75 bit/s for the CCITT V23 standard and 5 or 150 
bit/s for the BELL 202 standard. 

On a two-wire line, the only operating mode is half-duplex 
with split baud rates: when the MODEM transmits at 
1200 bit/s or 600 bit/s on the forward channel, it receives at 
150 bit/s, 75 bit/s or 5 bit/s on the backward channel; when 
it transmits at 1 50 bit/s, 75 bit/s or 5 bit/s on the backward 
channel, it receives at 1 200 bit/s or 600 bit/s on the forward 
channel. 

On a four-wire line, the MODEM can also operate in full- 
duplex mode at-600 bit/s or 1200 bit/s in both directions. 

Table II shows how to program control inputs CO, Cl and 
C2 to select the standard and the operating mode. 
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Functional Description (Continued) 


RTS/CTS DELAY 


TP3310/TP3320: When the request to send input (RTS- 
pin 2) is asserted iow by the DTE (data terminal 
equipment), the MODEM enables the transmit carrier out- 
put and prepares itself to transmit data. After a fixed delay 
has been timed out (tcrsuF or tcTSLB according to the chan - 
nel processed by the transmitter), it pulls down pin 3 (CTS) 
in order to indicate to the DTE that it is ready to transmit 
data— data input D/ rem ains internally clamped to mark 
(logical 1) as long as CTS (clear to send) is high. 


TP3311/TP3321: These devices do not provide an internal 
dela y before the carrier can be modulated. When input 
TXE is pulled low by the DTE the MODEM enables the TC 
output directly. The carrier frequency is immediately deter- 
mined by the data at input D/. Any delay required to allow 
the remote MODEM to acquire the carrier must be provid- 
ed externally. 


DATA INPUT ' 
(Dx)^ 

TRANSMIT 
CARRIER (TC) 


FIGURE 2. Transmitted Signal 



TRANSMIT 
CARRIER LEVEL 


FbI FbO 

BACKWARD 

CHANNEL 



FIGURE 3. Frequency Assignments 


Maximum Level of Out-of-Band Energy, 
Relative to the Unmodulated Transmit Carrier Level 


TABLE II. OPERATING MODE AND STANDARD SELECTION 


Operating 

C2 

Mode 

NORMAL 

GND 


Vcc 

SELF-TEST 

Vcc 


C2 C1 CO Standard 


Modulation 

Speed 

(Bauds) 


XMT RCV 



GND GND 
Vcc GND 


GND Vcc 


GND 
Vcc 

Vbb I Vbb 


CCITT V23 
1200 bit/s 


CCITT V23 
600 bit/s 



600 600 
75/150* 75/150* 


1200 1200 

5 5 

1200 1200 


XMT Freq 
(Hz) 


RCV Freq 
(Hz) 


1 

0 

1 

1300 

2100 

390 

390 

450/490* 

1300 

1300 

2100 

1300 

1300 

1700 

390 

390 

450/490* 

1300 

1300 

1700 

1300 

1200 

2200 

387 

387 

0 

1200 

1200 

2200 

1200 

390 

490 

1200 

1200 

2200 


1300 

2100 

1300 

390 

450/490* 

390 

1300 

1700 

1300 

390 

450/490* 

390 

1200 

2200 

1200 

387 

0 

387 

1200 

2200 

1200 



‘TP3320 or TP3321 only. 75 Bauds and 450 Hz are selected when ATE Is low (GND). 150 Bauds and 490 Hz are selected when ATE Is high (Vcc)- 
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Functional Description (Continued) 

RECEIVE FILTERS 

The signal delivered by the hybrid to the receive carrier 
input is a mixture of transmitted signal, received signal 
and noise, with a level in the range from - 48 dBm/600n to 
-6dBm/600n. 

An antiaiias fi iter is inserted at the input of the receive sec- 
tion to remove any high frequency noise component be- 
fore sampling occurs. 

Depending on the operating mode, the receive switched 
capacitor band-pass filter selects the frequency band of 
the main channel or of the backward channel. It rejects 
out-of-band transmission noise components and undesir- 
able adjacent channel echo signals which can be fed from 
the transmit section into the receive section when the 
MODEM operates on a two-wire iine. Equaiization is in- 
cluded in order to assure low bit error rate and iow bit 
length distortion when connected to a teiephone iine. 

At the input to the demodulator, a limiter and an associ- 
ated auto-zero circuit remove any ampiitude modulation 
and any offset which could bias the demodulator toward a 
1 or a 0 output. The demodulator converts the FSK modu- 
lated signal back into digital data at the Dr output. 

CARRIER DETECTOR 

The carrier detector monitors the level of the receive sig- 
nal. To prevent transmission of erroneous data toward the 
data terminal, receive data output Dr is clamped to 1 when 
the carrier fails below the receive threshoid level. When- 
ever valid signals are being received at the input of the 
demodulator and are acceptable for demodulation, output 
pin CD is puiled down and the Dr output is enabled. A 
delay is timed out_^fore the carrier received or carrier iost 
signal changes CD to provide immunity against noise 
bursts. The MODEM also provides at ieast 2 dB of hyster- 
esis between the carrier ON and the carrier OFF thresh- 
olds. These thresholds are normally ON by - 43 dBm and 
OFF by - 48 dBm for switched telephone network opera- 
tion; but two additional sensitivities ( - 33 dBm/ - 38 dBm 
or -38 dBm/ -43 dBm) can also be selected when the 
TP3320 or the TP3321 is used through digital control in- 
put THRESHOLD ADJUST. 

SOFT CARRIER TURN-OFF (BELL 202 STANDARD) 

When RTS is turned off at the end of a message, transients 
may occur and cause erroneous data to be received at a 
remote MODEM. To prevent this spurious effect, the 


transmitting MODEM can generate a 900 Hz soft carrier 
turn-off tone at the end of the message, under external 
control (TP3320 and TP3321 only). 

On the TP3320, the soft carri er tur n-off tone is controlied 
byATE(pin6— a ctive iow)andRTS(pln2).OntheTP3321,it 
is controiled by STE (pin 3— active low). 

BAUD RATE CLOCKS 

The TP3320, the TP3321 and the TP3311 provide two 
baud rate ciocks, CLKx and CLKr, which can be used to 
synchronize the transmit and the receive sections of a 
UART, The frequency of each of these clocks (75 x 16 Hz, 
150 X 16 Hz, 600 X 16 Hz or 1200 x 16 Hz) Is internally ad- 
justed so that it corresponds to the baud rate for the asso- 
ciated direction. When 5 baud is selected, the frequency 
becomes 75x 16 Hz. 

Only one of the baud rate clocks (CLKr) is available on the 
TP3310. 

OSCILLATOR OUTPUT CTP3320 or TP3321) 

The buffered master clock (3.579545 MHz) is made avail- 
able at output OSCOUT. It can be used as a clock for a 
DTMF tone generator or for a microprocessor. The oscil- 
lator runs continuously while the MODEM is powered up. 

SELF-TEST 

The self-test mode allows the user or the DTE to verify that 
the MODEM operates properly. It can be selected by con- 
trol inputs CO, Cl and C2, as shown in Table II. In the self- 
test mode, the transmit carrier output is looped back to 
the receive carrier input through an internal attenuator 
while still providing the modulated carrier to output pin 
TC. The receive f iiters and the demodulator are configured 
to process the same channel as the transmit section. 
Transmitted signals are still controlled by CO, Cl and by 
data input Dx- Baud rate clocks CLKx and CLKr provide 
the same baud rate to the transmit and the receivesections 
of an external UART (75 x 16 Hz, 150 x 16 Hz, 600 x 16 Hzor 
1200 x16 Hz). 

POWER-DOWN/POWER-UP 

To power-down the MODEM, Cl must be set to a low (GND) 
level and a falling edge applied at C2. To power-up the 
MODEM, Cl must be set to a high (Vcc) level and a falling 
edge appiied at C2 (see Figure 4). 



POWER-UP 

NORMAL OR SELF-TEST MODE 


POWER-UP 
NORMAL MODE 


FIGURE 4. Power-Down/Power-Up Sequence 
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Pin Descriptions 

TP3310 TP3320 

TP3311 TP3321 Name Function 

Pin No. Pin No. 

TP3310 TP3320 

TP3311 TP3321 Name Function 

Pin No. Pin No. 

11 TC Transmit carrier output 

of the modulator. The 
nominal level of the 

FSK modulated carrier 
is 6 dBm into a 6000 
load (2.19V peak). 

2 2 rTS TP3310/TP3320 only. 

Request To Send input. 
When this pin is 
asserted low by the 

DTE, the MODEM 
enables the transmit 
carrier output and 
prepares itself to 
transmit data. After a 
fixed delay has been 
timed out, it pulls down 
pin 3 (GTS) in order to 
indicate to the DTE 
that it is ready to trans- 
mit data. 

Ty£ TP3311/TP3321 only. 
Transmit Carrier 

Enable input— active 
low. 

3 3 GTS TP3310/TP3320 only. 

Clear to send output 
from the MODEM to 
the DTE— a low level 
on this pin indicates 
that the MODEM is 
ready to transmit data. 

CLKx TP3311 only. 

Transmit baud rate 
clock output. 

^ TP3321 only. 

Soft carrier turn-off 
tone enable input- 
active low. 

4 4 Dx Transmit data input. 

This pin accepts serial 
binary data from the 

DTE. 

5 5 GND This pin should be con- 

nected to ground. All 
digital and analog 
signals are referenced 
to this input. 

— 6 ATE This is a dual function 

control pin. When the 

MODEM operates in 

BELL 202 modes 1 or 2 
(see Table II), this pin 
becomes the Answer 

Tone Enable control in- 
put of an internal tone 
generator. The tone 
level at TC output is 

6 dBm into 6000 (2.19V 
peak). 

—When ATE is pulled 
low while RTS is low, 
a 2025 Hz answer 
tone is transmitted. 

—When ATE is pulled 
low while RTS is 
high, a 900 Hz soft 
carrier turn-off tone 
is transmitted. 

When the MODEM 
operates in the CCITT 

V23 mode this pin 
becomes the backward 
channel bit-rate 
control. 

—When ATE is low, 

75 bit/s is selected. 

—When ATE is high, 

150 bit/s is selected 
(see Table II). 

3 7 CLKx This output provides a 

(TP3311 TTL compatible clock 

only) signal which can be 

used to synchronize 
the transmit section of 
a UART. The clock fre- 
quency is 16 times the 
baud rate of the trans- 
mit section (1200 x 

16 Hz, 600 x16 Hz, 

150x16 Hz or 75 X 

16 Hz, depending on 
the operating mode). In 

5 baud mode this fre-. 
quency is 75 x 16 Hz. 
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Pin Descriptions (Continued) 


TP3310 TP3320 

TP3311 TP3321 Name Function 

Pin No. Pin No. 

6 8 CLKr This output provides a 

TTL compatible clock 
signal which can be 
used to synchronize 
the receive section of a 
UART. The clock fre- 
quency is 16 times the 
baud rate of the receive 
section (75 X 16 Hz, 

150 x16 Hz, 600x16 Hz 
or 1200 X 16 Hz, de- 
pending on the operat- 
ing mode). When in 5 
bauds the frequency is 
75x16 Hz. 

7 ’ 9 XTAL1/ On-chip oscillator in- 

CLK put— XTAL1/CLK is the 

input of a high gain 
amplifier/inverter 
which oscillates when 
it is connected to an 
external 3.579545 MHz 
TV color-burst crystal. 
No other external 
components are 
necessary. An external 
3.579545 MHz clock 
signal can be applied 
to input XTAL1/CLK. 

8 10 XTAL2 Output of the on-chip 

oscillator high gain 
inverter. 

9 11 00 This input. Cl and 02 

select the mode and 
standard in which the 
MODEM operates. 

Table II summarizes 
the various operating 
modes. 

10 12 Cl This input, CO and 02 

select the mode and 
standard in which the 
MODEM operates. 

Table II summarizes 
the various operating 
modes. 

11 13 C2 This input, CO and Cl 

select the mode and 
standard in which the 
MODEM operates. 

Table II summarizes 
the various operating 
modes. 


TP3310 TP3320 

TP3311 TP3321 Name Function 

Pin No. Pin No. 

— 14 OSCOUT Buffered master clock 

output (3.579545 MHz). 

— 15 THRESH- This digital input 

OLD selects the sensitivity 
ADJUST of the carrier detector, 
see Transmission 
Performance. 

12 16 Vbb Negative power supply 

pin. The recommended 
input is -5V±5%. 

13 17 Dr Receive data output of 

the demodulator. The 
demodulated data is 
delivered to the DTE 
* through this pin. In 

order to avoid trans- 
mission of erroneous 
data toward the data 
terminal, an internal 
switch clamps Dr to 1 
when the carrier level 
falls below the receive 
threshold level. 

14 18 CD Carrier Detect output. 

This output pin is 
pulled down whenever 
valid signals are being 
received at the analog 
input of the MODEM 
(RC) and are accept- 
able for demodulation. 

■ 15 19 RC Receive Carrier input to 

the MODEM. The FSK 
modulated signal 
received from the 
telephone line is 
applied to this pin. The 
input level dynamic 
range is from 
-6 dBm/6009 to 
-48dBm/600n. 

16 20 Vcc Positive power supply 

pin. The recommended 
input is 5V±5%. -« 


5 
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TP3310, TP3311, TP3320, TP3321 


Timing Diagrams 


Transmit Side 



CTS 

CLEAR TO SEND 


TL/H /5025-7 


Receive Side 



Appiications Information 

To realize a low cost data terminal, the MODEM can be in- 
terfaced with a UART and a microprocessor as shown in 
Figures 6 and 7. The operating mode is controiied by the 
microprocessor. No externai baud rate generator is needed. 

An active hybrid with ievei adjust may be reaiized by two 
operational amplifiers and a few resistors. This arrange- 
ment enables the MODEM to transmit over one channel 
while receiving data from the adjacent channel. No external 


filtering is normally necessary. A 150 pF capacitor can 
be connected across R2 in Figure 7 to provide an addi- 
tional 10 dB rejection above 50 kHz if required. 

The transmit level can be adjusted by resistor R1. The 
maximum level allowed on the telephone line by most 
telephone companies is 0 dBm/600n.The transmit level 
is usually made adjustable between 0 dBm/600n and 
- 12 dBm/600fi. Table III gives the correspondence be- 
tween the transmit level and the programming resistor 
value. 


TABLE I 


Transmit Level 
dBm/6000 

Programming Resistor R1 
kQ 

0 

47 

-1 

53 

-2 

59 , 

-3 

66 

-4 

75 

-5 

'84 

-6 

94 

-7 

105 

-8 

118 

-9 

130 

-10 

150 

- 11 

167 

- 12 

187 
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Typical Applications 



b=: 




GND 

Vbb 

Dr 

Rts 

CTS 

TC 

THRESHOLD 

ADJUST 

CD 



CLKr 

MODEM 

TP3320 


C2 



Cl 

CO 


RC 

1 XTAL1/CLK 

XTAL2 


OFF-HOOK 
RING INDICATOR 


INTERFACE 

TO 

TELEPHONE LINE 
(D.A.A. OR 
TRANSFORMER) 


■ 


FIGURE 6. Interfacing the TP3320 with a Microprocessor 




0.1 


n 

5 |l6 

Vcc 

GND Vbb 

Ox ■ 

TC 

Dr 

MODEM 

W 

TP3321 

m 

THRESHOLD 

ADJUST 

aTe 


C2 


Cl 


CO 

RC 

OSCOUT XTAL1/CLK XTAL 2 I 


ACTIVE HYBRID 
WITH LEVEL 
ADJUST 



INTERFACE 

TO 

TELEPHONE LINE 
(D.A.A. OR 
.TRANSFORMER) 
OH Rl 


TL/H/5025-9 

"Transmit gain adjustment 


FIGURE 7. Interfacing the TP3321 and a Tone Generator with the NS455 Terminal Management Processor 
(The TMP Includes a UART with split baud rate capability.) 
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TP5087/TP5092/TP5094/TP5380 




National 

Semiconductor 


PRELIMINARY 


TP5087/TP5092/TP5094/TP5380 
DTMF (TOUCH-TONE®) Generators 


General Description 


These Tone Dialers are low threshold voltage, field-im- 
planted, metal gate CMOS integrated circuits. The 
devices interface directly to a standard telephone 
keypad and generate all dual tone multi-frequency pairs 
required in tone-dialing systems. The tone synthesizers 
are locked to an on-chip reference oscillator using an in- 
expensive 3.579545 MHz crystal for high tone accuracy. 
The crystal and an output load resistor are the only ex- 
ternal components required for tone generation. A 
MUTE OUT logic signal, which changes state when any 
key is depressed, is also provided. 


Features 

■ 2.5V-10V operation when generating tones (TP5380) 

B 2V operation of keyscan and MUTE logic 

■ Powered directly from telephone line 

■ Interfaces with standard single-contact or 2-of-8 tele- 
phone keypad 

■ Static sensing of key closures 

■ On-chip 3.579545 MHz crystal-controlled oscillator 
B On-chip regulation of tone amplitudes 

H High group and low group tones generated and mixed 
internally 

H High group pre-emphasis 
O Low harmonic distortion 

■ Open emitter-follower low-impedance output 
B SINGLE TONE INHIBIT pin 


Block Diagram 


TONE 

ENABLE 

(NOT ON 5087) Vdd 


PROGRAMMABLE 

DIVIDER 


1 2 3 A 
4 5 6 B 
7 8 9 0 
* 0 # 0 


Cl 


C2 


C3 

C4 

KEY 

SCAN 


AND 

R1 

DECODE 

R2 


R3 


R4 




► Vref 



PROGRAMMABLE 

DIVIDER 


FIGURE 1. TP5087 Family 
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Absolute Maximum Ratings 

Supply Voltage (Vdd-Vss) 

Maximum Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Maximum Power Dissipation 


15V 

Vdd + 0.3V to Vss- 0.3V 
-30“Cto +60*0 
-55°Cto +150'‘C 
500 mW 


Electrical Characteristics T^ within operating temperature range, 3.5 V<Vdd< 10V unless otherwise stated. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

TP5087, TP5092, TP5094 







Minimum Supply Voltage Swing, Vq^ (^in) 

Generating Tones 

Output Amplitudes 


Rl = 240Q 

Low Group 

TP5087, TP5094 

TP5092 


High Group 

TP5087, TP5094 

TP5092 


Mean Output DC Offset, Vqs 

Vd = 3.5V 



> 

o 

II 

o 

o 

> 



Minimum Supply Voltage Swing, VoD(min) 

Output Amplitudes 

Low Group 

High Group 

Mean Output DC Offset, Vqs 

Generating Tones 

Ru=ioon 

Vdd = 2.5V 

Vdd = 10V 

ALL PARTS 

Minimum Supply Voltage for Keysense 


and MUTE Logic Functions 


Operating Current 


Idie 

RL=open, 

Generating Tones 

Vdd = 3.5V 

Input Pull-Up Resistors < 


COLUMN and ROW (Pull-Down) 


SINGLE TONE INHIBIT 


TONE ENABLE 


MUTE OUT Sink Current 

Vdd = 3V 

(COLUMN and ROW Inactive) 

Vo = 0.5V 

MUTE OUT Source Current 

> 

CO 

II 

o 

o 

> 

(COLUMN and ROW Active) 

Vo = 2.5V 

High Group Pre-Emphasis 


Dual Tone/Total Harmonic Distortion Ratio 

1 MHz Bandwidth 

Start-Up Time (to 90% Amplitude) 

VddS4V, Hls150S2 



2.5 

V 


mVrms 


mVrms 


V 


V 



Note 1: Crystal Specifications: Parallel Resonant, Rs^tSOfl, L= 100 mH, Co = 5 pF, Ci = 0.02 pF. 
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TP5087/TP5092/TP5094/TP5380 


Connection Diagram 


Dual-In-Line Package 



Order Number TP5087N, 
TP5092N, TP5094N or TP5380N 
See NS Package N16A 


Functional Description 

With no key inputs to the device the oscillator is inhibited, 
the output transistor is pulled OFF and device current con- 
sumption is reduced to a minimum. Key closures are 
sensed statically to ensure no modulation of the line when 
tones are not being generated. A valid key closure ac- 
tivates the MUTE output, starts the oscillator and sets the 
high group and low group programmable counters to the 
appropriate divide ratio. These'counters sequence two 
ratioed-capacitor D/A converters through a series of 28 
equal duration steps per sine-wave cycle. On-chip regu- 
lators ensure good stability of tone amplitudes with varia- 
tions in supply voltage and temperature. The two tones are 
summed by a mixer amplifier, with pre-emphasis applied 
to the high group tone. The output is an NPN emitter- 
follower requiring the addition of an external load resistor 
to Vgg. This resistor facilitates adjustment of the signal 
current flowing from Vqd through the output transistor. 

Pin Descriptions 

Vqd (Pin 1): The positive voltage supply to the device, 
referenced to Vgg. The collectors of the TONE OUT, and 
XMT SW transistors are also connected to this pin. 

Vgg (Pin 6): This is the negative voltage supply. 

OSCILLATOR (Pins 7 and 8): All tone generation timing is 
derived from the on-chip oscillator circuit. A low-cost 
3.579545 MHz A-cut crystal (NTSC TV color-burst) is 
needed between pins 7 and 8. Load capacitors and a feed- 
back resistor are included on-chip for good start-up and 
stability. The oscillator stops when both COLUMN inputs 
and ROW inputs are sensed sequentially with no valid in- 
put having been detected. The oscillator is also stopped 
when the TONE ENABLE input is pulled to logic low. 

ROW and COLUMN Inputs (Pins 3, 4, 5, 9, 11, 12, 13, 14): 

When no key is pushed, pull-up resistors are active on 
COLUMN inputs and pull-down resistors are active on 
ROW inputs. Column latches are ON and ready to store 
column key closures. After a key is pushed, the row pull- 
down resistors cause a negative-true on COLUMN inputs 
which starts the oscillator and initiates tone generation. 
Negative-true logic signals simulating key closures can 
also be used. 


TONE ENABLE Input (Pin 2): The TONE ENABLE input has 
an internal pull-up resistor. When this input is open or at 
'logic high, the normal tone output mode will occur. When 
this input is at logic low, the device will be in the inactive 
mode, tone output will be at an open circuit state. 

XMT SW Output (Pin 2 of TP5087 only): With no key in- 
puts, this output is pulled high by the open emitter of an 
NPN transistor. Any key entry turns off this transistor by 
pulling its base to Vgg. 

MUTE Output (Pin 10): The MUTE output is a conventional 
CMOS output that sinks current to Vgg with no valid input 
and sources current from V^d when a valid key input is 
sensed. The MUTE output will switch regardless of the 
state of the SINGLE TONE INHIBIT input. 


SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
INHIBIT input is used to inhibit the generation of other 
than valid tone pairs due to multiple row-column closures. 
It has a pull-up resistor to Vqd, and when left open or tied to 
Vdd> single or dual tones may be generated in accordance 
with Table II. When forced to Vgg, any input situation that 
would normally result in a single tone will now result in no 
tone, with all other chip functions operating normally. 

TONE OUT (Pin 16): This output is the open emitter of an 
NPN transistor, the collector of which is connected to Vdd- 
When an external load resistor is connected from TONE 
OUT to Vgg, the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off- 
set. When not generating tones, this output transistor is 
turned OFF to minimize the device idle current. 

Applications Information 

Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation, the sine- 
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in- 
creasing the source impedance of the device as seen from 
its power supply terminals. Note that the DTMF generator 
is a current source which moduiates its own supply ter- 
minals in a conventional telephone application. 
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TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Valid 

Standard 

Tone Output 

% Deviation 

Group 

Input 

DTMF(Hz) 

Frequency 

from Standard 

Low 

Rl 

697 

694.8 


Group 

R2 

770 

770.1 


fL 

R3 

852 

852.4 

-1-0.03 


R4 

941 

940.0 

-0.11 

High 

Cl 




Group 

C2 




fH 

C3 

mSSm 


■fO.64 


C4 


■BB 

•f 0.37 


TABLE 11. FUNCTIONAL TRUTH TABLE 


SINGLE TONE 

TONE 

ENABLE 

ROW 

COLUMN 

Tones 

MUTE 

INHIBIT 

Low 

High 

X 

0 

X 

X 

OV 

OV 

0 

X 

X 

0/C 

O/C 

ov 

OV 

0 

X 

1 

One 

One 

fL 

fH 

1 

1 

1 

2 or More 

One 

— 

fH 

1 

1 

1 

One 

2 or More 

fL 

— 

1 

1 

1 

2 or More 

2 or More 


Vos 


0 

1 

2 or More 

One 


Vos 


0 

1 

One 

2 or More 

mM 

Vos 


0 

1 

2 or More 

2 or More 

IBB 

Vos 

BH' 


Note 1; X Is don't care state. 

Note 2: Vqs Is output offset voltage. 

Note 3: TONE ENABLE and SINGLE TONE INHIBIT have Internal pull-up resistors. 


V+ 300 



* Adjust Rl for desired tone amplitudes. 

FIGURE 2. Amplitude and Distortion Measurements for Conventional Telephone Applications 
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National 

Semiconductor 


PRELIMINARY 


TP5088 DTMF Generator for Binary Data 


General Description 


This CMOS device provides low cost tone-dialing capabil- 
ity in microprocessor-controlled telephone applications. 
4-bit binary data is decoded directly, without the need for 
conversion to siniulated keyboard inputs required by 
standard DTMF generators. With the TONE ENABLE input 
low, the oscillator is inhibited and the device is in a low 
power idle mode. On the low-to-high transition of TONE 
ENABLE, data is latched into the device and the-selected 
tone pair from the standard DTMF frequencies is gener- 
ated. An open-drain N-channel transistor provides a MUTE 
output during tone generation. 


Features 

■ 2.5V-15V operation 

B Direct microprocessor interface 

■ Binary data inputs with latches 
H Generates 16 standard tone pairs 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ Better than 0.64% frequency accuracy 

■ High group pre-emphasis 
B Low harmonic distortion 

B MUTE output interfaces to speech network 

■ Low power idle mode 


PROGRAMMABLE 

DIVIDER 


JOHNSON COUNTER 


LOW GROUP D/A 


HIGH GROUP D/ A 


PROGRAMMABLE 

DIVIDER 


FIGURE 1 
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Absolute Maximum Ratings 


Supply Voltage (Vdd-Vss) 
MUtE Voltage 
Maximum Voltage at 
Any Other Pin 


Vdd + 0.3V to Vss- 0.3V 


Operating Temperature, Ta 
S torageTemperature 
Maximum Power Dissipation 


Conditions 



Electrical Characteristics Ta within operating temperature range, Vss = 0V, 3V < Vqd < 10V unless 

otherwise stated. 


Parameter 


Supply Voltage 


Supply Voltage for Data Input, 

TONE ENABLE and MUTE Logic Functions 


Operating Current 
Idle 

Generating Tones 


Input Pull-Up Resistance 
D0-D3 

TONE ENABLE 


MUTE OUT Sink Current 
(TONE ENABLE High) 


MUTE OUT Leakage Current 
(TONE ENABLE Low) 


Output Amplitudes 
Low Group 
High Group 


Mean Output DC Offset 


High Group Pre-Emphasis 


Dual Tone/Total Harmonic Distortion Ratio 


Start-Up Time (to 90% Amplitude), tosc 


Data Set-Up Time, ts (Figure 2) 


Data Hold Time, tn 


Note 1: Crystal Specification: Paraiiel Resonant 3.579545 MHz, Rg s 1500, L = 100 mH, Co= 5 pF, C, =0.02 pF. 


Connection Diagram 


SINGLE TONE ENABLE 
GROUP SELECT 


Dual-In-Line Package 



Order Number TP5088N 
See NS Package N14A 


5-79 


TP5088 























































Functional Description 

With the TONE ENABLE pin pulled high, the device is in a 
low power idle mode, with the oscillator inhibited and the 
output transistor turned off. Data on inputs D0-D3 is ig- 
nored until a rising transition on TONE ENABLE. Data 
meeting the timing specifications is latched in, the 
oscillator and output stage are enabled, and tone genera- 
tion begins. The decoded data sets the high group and low 
group programmable counters to the appropriate divide 
ratios. These counters sequence two ratioed-capacitor 
D/A converters through a series of 28 equal duration steps 
per sine wave cycle. On-chip regulators ensure good 
stability of tone amplitudes with variations in supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, with pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir- 
ing the addition of an external load resistor to Vss- 

Table I shows the accuracies of the tone output frequen- 
cies and Table II is the Functional Truth Table. 

TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Standard 

Tone Output 

% Deviation 

Group 

DTMF(Hz) 

Frequency 

from Standard 

Low 

697 

694.8 

-0.32 

Group 

770 

770.1 

-r-0.02 

fL 

852 

852.4 

-1-0.03 


941 

940.0 

-0.11 

High 

1209 

1206.0 

-0.24 

Group 

1336 

1331.7 

-0.32 

fH 

1477 

1486.5 

+ 0.64 


1633 

1639.0 

-hO.37 


Pin Descriptions 

Vdd (Pin 1): This is the positive supply to the device, 
referenced to Vss- The collector of the TONE OUT tran- 
sistor is also connected to this pin. 

Vss (Pin 5): This is the negative voltage supply. 

Oscillator (Pins 6 and 7): All tone generation timing is 
derived from the on-chip oscillator circuit. A low cost 
3.579545 MHz A-cut crystal (NTSC TV color-burst) is 
needed between pins 6 and 7. Load capacitors and a feed- 
back resistor are included on-chip for good start-up and 
stability. The oscillator is stopped when the TONE 
ENABLE input is pulled to logic low. 

TONE ENABLE Input (Pin 2): This input has an internal 
pull-up resistor. When TONE ENABLE is pulled to logic 
low, the oscillator is inhibited and the tone generators and 
output transistor are turned off. A low to high transition on 
TONE ENABLE latches in data from D0-D3. The oscillator 
starts, and tone generation continues until TONE 
ENABLE is pulled low again. 

MUTE (Pin 8); This output is an open-drain N-channel 
device that sinks current to Vss when TONE ENABLE is 
low and no tones are being generated. The device turns off 
when TONE ENABLE is high. 

D3, D2, D1, DO (Pins 9, 10, 11, 12): These are the inputs for 
binary-coded data, which is latched in on the rising edge of 
TONE ENABLE. Data must meet the timing specifications 
of Figure 2. At all other times these inputs are ignored and 
may be multiplexed with other system functions. 

TONE OUT (Pin 14): This output is the open emitter of an 
NPN transistor, the collector of which is connected inter- 
nally to Vdd- When an external load resistor is connected 
from TONE OUT to Vss, the output voltage on this pin is the 
sum of the high and low group tones superimposed on a 
DC offset. When not generating tones, this output tran- 
sistor is turned off to minimize the device idle current. 


TABLE II. FUNCTIONAL TRUTH TABLE 





























5-81 


TP5088 








TP5089 


National 

Semiconductor 


PRELIMINARY 


TP5089 DTMF (TOUCH-TONE®) Generator 


General Description 

The TP5089 is a low threshold voltage, field-implanted, 
metal gate CMOS integrated circuit. It interfaces directly 
to a standard telephone keypad and generates all dual 
tone multi-frequency pairs required in tone-dialing sys- 
tems. The tone synthesizers are locked to an on-chip refer- 
ence oscillator using an inexpensive 3.579545 MHz crystal 
for high tone accuracy. The crystal and an output load 
resistor are the o nly ex ternal components required for 
tone generation. A MUTE OUT logic signal, which changes 
state when any key is depressed, is also provided. 


Features 

■ 3V-10V operation when generating tones ’ 

■ 2V operation of.keyscan and MUTE logic 

■ Static sensing of key closures or logic inputs 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ Output amplitudes proportional to supply voltage 

■ High group pre-emphasis 

■ Low harmonic distortion 

■ Open emitter-follower low-impedance output 

■ SINGLE TONE INHIBIT pin 
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Absolute Maximum Ratings 


Supply Voltage (Vdd - Vss) 
Maximum Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Maximum Power Dissipation 


15V 

Vdd + 0.3V to Vss -0.3V 
-30“Cto +60''C' 
-55‘Cto +150*0 
500 mW 


Electrical Characteristics Ta within operating temperature range, 3V 


Mini mum S upply Voltage for Keysense 
and MUTE Logic Functions 


Operating Current 
Idle 

Generating Tones 


input Resistors 

COLUMN and ROW (Pull-Up) 


SINGLE TONE INHIBIT (Pull-Down) 


TONE DISABLE (Pull-Up) 


MUTE OUT Sink Current 
(COLUMN and ROW Active) 


Output Amplitudes 
Low Group 

High Group 


Mean Output DC Offset 


High Group Pre-Emphasis 


Dual Tone/Total Harmonic Distortion Ratio 


Start-Up Tim.e (to 90% Amplitude) 


Note 1: Crystal Specification: Parallel Resonant 3.579545 MHz, Rs < 15011. L = 100 mH. Cq = 5 pF, Ci = 0.02 pF. 



Connection Diagram 


Dual-ln-Line Package 



SINGLE TONE INHIBIT 


Order Number TP5089N 
See NS Package N16A 


Pin Descriptions 

Vqd (Pin 1): This is the positive voltage supply to the de- 
vice, referenced to Vss- collector of the TONE OUT 
transistor Is connected to this pin. 

Vss (Pin 6): This Is the negative voltage supply. 

OSCILLATOR (Pins 7 and 8): All tone generation timing is 
derived from the on-chip oscillator circuit. A low-cost 
3.579545- MHz A-cut crystal (NTSC TV color-burst) Is 
needed between pins 7 and 8. Load capacitors and a feed- 
back resistor are Included on-chip for good start-up and 
stability. The oscillator stops when column inputs are 
sensed with no valid input havin g been detected . The 
oscillator Is also stopped when the TONE DISABLE input 
Is pulled to logic low. 

Row and Column Inputs (Pins 3, 4, 5, 9, 11,12, 13, 14): When 
no key Is pushed, pull-up resistors are active on row and 
column inputs. A key closure Is recognized when a single 
row and a single column are connected to Vss, which 
starts the oscillator and initiates tone generation. Nega- 
tive-true logic signals simulating key closures can also be 
used. 
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Pin Descriptions (Continued) 

TONE DISABLE Input (Pin 2): The TONE DISABLE input 
has an internal pull-up resistor. When this Input is open or 
at log ic high, the nor mal tone output mode will occur. 
When TONE DISABLE input is at logic low, the device will 
be in the inactive mode, TONE OUTPUT will be at an open 
circuit state. 

MUTE Output (Pin 10): The MUTE output is an open-drain 
N-channel device that sinks current to Vgs with any key In- 
put and is open when no key input is sensed. T he MUTE 
output will switch regardless of the state of the SINGLE 
TONE INHIBIT input. 

SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
INHIBIT input is used to inhibit the generation of other 
than valid tone pairs due to multiple row-column closures. 
It has a pull-down resistor to Vss, and when left open or 
tied to Vss any input condition that would normally result 
in a single tone will now result in.no tone, with all other 
functibns operating normally. When tied to Vdq, single or 
dual tones may be generated, see Table II. 

TONE OUT (Pin 16): This output is the open emitter of an 
NPN transistor, the collector of which is connected to Vqq. 
When an external load resistor is connected from TONE 
OUT to Vss. the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off- 
set. When not generating tones, this output transistor is 
turned OFF to minimize the device idle current. 


Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation, the sine- 
wave signal current through the output transistor, and the 
output distortion. Increasing Values of load resistance 
decrease both the signal current and distortion. 


Functional Description 

With no key Inputs to the device the oscillator is inhibited, 
the output transistor is pulled OFF and device current con- 
sumption is reduced to a minimum. Key closures are 
sensed statically to ensure no modulation of the line \vhen 
ton es are not being generated. Any key closure activates 
the MUTE output, starts the oscillator and sets the high 
group and low group programmable counters to the ap- 
propriate divide ratio. These counters sequence two 
ratioed-capacitor D/A converters through a series of 28 
equal duration steps per sine-wave cycle. The two tones 
are summed by a mixer amplifier, with pre-emphasis ap- 
plied to the high group tone. The output is an NPN emitter- 
follower requiring the addition of an external load resistor 
to Vss- resistor facilitates adjustment of the signal 
current flowing from Vqd through the output transistor. 

The amplitude of the output tones is directly proportional to 
the device supply voltage. 


TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Valid 

Standard 

Tone Output 

% Deviation 

Group 

Input 

DTMF(Hz) 

Frequency 

from Standard 

Low 

R1 

697 

694.8 

-0.32 

Group 

R2 

770 

770.1 

+ 0.02 

fL 

R3 

852 

852.4 

+ 0.03 


R4 

941 

940.0 

-0.11 

High 

Cl 

1209 

1206.0 

- 0.24 

Group 

C2 

1336 

1331.7 

- 0.32 

fH 

C3 

1477 

1486.5 

+ 0.64 


C4 

1633 

1639.0 

+ 0.37 


TABLE II. FUNCTIONAL TRUTH TABLE 




ROW 

COLUMN 

Tones 

MUTE 

SINGLE TONE 

TONE 

INHIBIT 

DISABLE ■ 

Low 

High 

X 

0 

X 

X 

OV 

OV 

0 

X 

X 

O/C 

O/C 

ov 

OV 

0 

X 

1 

One 

One 

fL 

fH 

1 

1 

1 

2 or More 

One 

— 

fn 

1 

1 

1 

One 

2 or More 

fL 

— 

1 

1 

1 

2 or More 

2 or More 

< 

o 

V) 

< 

o 

c/> 

1 

0 

1 

2 or More 

One 

Vqs 

Vqs 

1 

0 

1 

One 

2 or More 

Vqs 

< 

o 

CO 

1 

0 

1 

2 or More 

2 or More 


Vqs 

Vqs 

1 


Note 1: X is don't care state. 

Note 2: Vqs Is the output offset voltage. 
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Functional Description (Continued) 



FIGURE 2. Typical Application 
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TP5116A, TP5156A 


^ National 
jbi Semiconductor 

TP5116A, TP5156A Monolithic CODECs 

General Description 



The TP5116A and TP5156A are monolithic PCM CODECs 
implemented with double-poly CMOS technology. The 
TP5116A is intended for/t-law applications and the TP5156A 
is for A-law applications. 

Each device contains separate D/A and AID circuitry, all 
necessary sample and hold, capacitors, and internal 
auto-zero circuits. Each device also contains a precision 
internal voltage reference, eliminating the need for an 
external reference. There are no internal connections to 
pins 15 or 16, making them directly interchangeable with, 
CODECs using external reference components. 

All devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti- 
aliasing function fortheencoderand smooths theoutput 


of the decoder and corrects for the sin x/x distortion in- 
troduced by the decoder sample and hold output. 

Features 

■ Low operation power— 40 mW typical 

■ ±5V operation 

■ TTL compatible digital interface 

■ Precision voltage reference on-chip 

■ Internal sample and hold capacitors 

■ Internal auto-zero circuit 

■ TP5116A— /t-law coding (sign plus magnitude format) 

■ TP5156A— A-law coding 

■ Synchronous or asynchronous operation 


Simplified Block Diagram 


ANALOG 

INPUT 


ANALOG 

OUTPUT 



DIGITAL 

OUTPUT 


XMIT CLOCK 

XMITSYNC 

MASTER 

CLOCK 

RCV CLOCK 

RCVSYNC 


DIGITAL 

INPUT 


Connection Diagram 

Dual-In-line Package 



Order Number TP5116AJ 
or TP5156AJ 
See NS Package J16S 
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Absolute Maximum Ratings 





Operating Temperature 
, StorageTemperature 

V+ with Respect to DiGITALGROUND 

V with Respect to V ~ 

V withRespecttoDIGiTALGROUND 
Voitage at Any Anaiog Input or Output 
Voltage at Any Digital Input or Output 

-25°Cto +125'’C 

-65°Cto +150^ 

7V 

14V 

-7V 

V“-0.3V to +0.3V 

GNDD-0.3V to +0.3V 





DC Electrical Characteristics 

Unless otherwise noted Ta = 0°C to yO'C, V*" =5.0V ±5%, V~ = -5.0V ±5%. Typical characteristics are specified at 

V"*" =5.0V, V“ = -5.0V and Ta = 25°C. All digital signals are referenced to DIGITAL GROUND. All analog signals are refer- 
enced to ANALOG GROUND. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DIGITAL INTERFACE 

l| 

Input Current 

0V<V|N<V + 

-10 


10 

mA 

V|L 

Input Low Voltage 





V 

V,H 

Input High Voltage 


2.2 



V 

VoL 

Output Low Voltage 

Iql — 3.2 mA 



0.4 

V 

VOH 

Output High Voltage 

Ioh = 6 mA 

2.4 



V 

ANALOG INTERFACE 

’■I 

Analog Input Impedance 
when Sampling 

Resistance in Series with 
Approximately 70 pF 

2 



kO 


Output Impedance at Analog 
Output 



10 

20 

0 


Analog Input Bias Current 

> 

o 

II 

z 

> 

-0.1 


0.1 

^A 

Cl 

DC Blocking Time Constant 


4.0 



ms 


DC Blocking Capacitor 


0.1 



mF 


Input Bias Resistor 




50 

kD 

ER DISSIPATION 


Operating Current, Vcc 



3.5 

8.0 

mA 


Operating Current, Vqb 



3.5 

8.0 

mA 


Electrical Characteristics 

.3S Otherwise noted, = 25°C, V ■*■ = 5.0V, V " = - 5.0V. The analog Input is a 0 dBmO, 1.02 kHz sine wave. The DiGiTAL 
T is a PCM bit stream generated by passing a 0 dBmO, 1.02 Ki-iz sine wave through an ideai encoder. Aii output ieveis are 
K corrected. 


JOl 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Absolute Level 

The nominal 0 dBmO levels for the 
TP5116A is 1.227 Vrms and 1.231 

Vrms for the TP5156A. The resulting 
nominal overload level is 2.5V peak 
for all devices. All gain 
measurements for the encode and 
decode portions of the devices are 
based on these nominal levels after 
the necessary sin x/x corrections are 
made. 





Gra 

Receive Gain, Absolute 

Ta = 25"C,V+ =5V,V“ = -5V 

-0.125 


0.125 

dB 

Grat 

Absolute Receive Gain 
Variation with Temperature 

TA = 0‘’Cto70'’C 

-0.05 


0.05 

dB 
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TP5116A, TP5156A 


AC Electrical Characteristics (Continued) 

Unless otherwise noted, T/^ = 25°C, V*" =5.0V, V" = -5.0V. The analog input is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL 
INPUT is a PCM bit stream generated by passing a OdBmO, 1.02 kHzsine wave through an ideal encoder. All output levels are 
sin x/x corrected. 


Symbol 


Grav 









Parameter 

Conditions 

Absolute Receive Gain 

Variation with Supply Voltage 

V+ =5V ±5%, V~ = -5V±5% 

Transmit Gain, Absolute 

Ta = 25‘‘C, V+ =5V, V“ = -5V 

Absolute Transmit Gain 
Variation with Temperature 

Ta = 0°C toTO-C 

Absolute Transmit Gain 
Variation with Supply Voltage 

V*" =5V ±5%, V~ = -5V ±5% 

■ 

Absolute Receive Gain 

Variation with Level 

CCITT Method 2 Relative to 
-lOdBmO 

OdBmOtoSdBmO 

- 40 dBmO to 0 dBmO 

- 50 dBmO to - 40 dBmO 

- 55 dBmO to - 50 dBmO 

Absolute Transmit Gain 
Variation with Level 

CCITT Method 2 Relative to 

-10 dBmO 

0 dBmO to 3 dBmO 

- 40 dBmO to 0 dBmO 

- 50 dBmO to - 40 dBmO 

- 55 dBmO to - 50 dBmO 

Receive Signal to Distortion 
Ratio 

Sinusoidal Test Method Input 

Level 

- 30 dBmO to 0 dBmO 
-40 dBmO 

-45 dBmO 

Transmit Signal to Distortion 
Ratio 

Sinusoidal Test Method Input 

Level 

- 30 dBmO to 0 dBmO 
-40 dBmO 
-45 dBmO •. 

Receive Idle Channel Noise 

Dr = Steady State PCM Code 

Transmit Idle Channel Noise 

Tp5116A, VFx=0V 
(No Signaling) 

TP5156A, VFx = 0V 

Positive Power Supply 
Rejection, Transmit 

Input Level = OV, Vcc = 5.0 Vqc 
- f- 200 mVrms, f = 1.02 kHz 

Positive Power Supply 
Rejection, Receive 

Dr = Steady PCM Code, 

Vcc = 5-0 Vdc + 200 mVrms, 
f = 1.02 kHz 

Negative Power Supply 
Rejection, Transmit 

Input Level = OV, Vrb = - 5.0 Vpc 
+ 200 mVrms, f = 1.02 kHz 

Negative Power Supply 
Rejection, Receive 

Dr = Steady PCM Code, 

Vbb= -5.0 Vdc + 200 niVrms, 
f = 1.02 kHz 

Transmit to Receive Crosstalk 

Dr = Steady PCM Code 

Receive to Transmit Crosstalk 

Transmit Input Level = 0V 

TP5116A 

TP5156A 


Max Units 


0.07 dB 


Note 1: Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due to the decoding law. 
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Timing Specifications unless otherwise noted, = O^C to70°C, V + - + SV ± 5%, V - = - SV ± 5 %. ah digital 

signals are referenced to DIGITAL GROUND and are measured at Vih and Vil as Indicated In the Timing Waveforms. 


Symbol 


Fx.Fr 
PVVclk 
tpc- tpc 
^RSi tps 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

MASTER CLOCK Frequency 


1.5 

2.048 

2.1 

MHz 

XMIT, RCV CLOCK Frequency 


0.064 

2.048 

2.1 

MHz 

Clock Pulse Width 

MASTER, XMIT, RCV CLOCKS 

150 



ns 

Clock Rise and Fall Time 

MASTER, XMIT, RCV CLOCKS 



50 

ns 

Sync Pulse Rise and Fall Time 

RCV, XMIT SYNC 



50 

ns 

Clock to Sync Delay 

RCV, XMIT 

0 



ns 

XMIT SYNC Set-Up Time 


150 



ns 

XMIT Data Delay 

Load = 100 pF -t- 2 LSTTL Loads 



200 

ns 

XMIT Data Present 

Load = 100 pF + 2 LSTTL Loads 



200 

ns 

XMIT Data TRI-STATE® 




150 

ns 

RCV CLOCK to RCV SYNC Delay 


0 



ns 

RCV Data Set-Up Time 


0 



ns 

RCV SYNC Set-Up Time 


150 



ns 

RCV Data Hold Time 


100 



ns 

XMIT SYNC Low Time 

64 kHz Operation 

300 



ns 

RCV SYNC Low Time 

64 kHz Operation 

17 



(Note 1) 


Note 1: RCV SYNC must remain low for 17 cycles of MASTER CLOCK. 

Timing Waveforms 


72 kHz or Greater Operation 
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64 kHz Operation 
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TP5116A, TP5156A 


Description of Pin Functions 


ANALOG INPUT 


V + 

V~ 

NO 

MASTER CLOCK 


XMIT CLOCK 


DIGITAL OUTPUT 


ANALOG INPUT to the en- 
coder. This signal will be 
sampled at the end of the 
encoder time slot and the 
resulting PCM code will be 
shifted out during the 
subsequent encode time 
slot. 

5V(±5%) input. 
-5V(±5%)input. 

Unused. 

MASTER CLOCK input 
used to operate the inter- 
nal encode and decode 
sequencers. Should be 
1.536 MHz, 1.544 MHz or 
2.048 MHz. 

Encoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight XMIT 
CLOCK cycles wide. 
Transmit bit clock input 
used to shift out the 
PCM data on DIGITAL 
OUTPUT. May operate 
from 64 kHz to 2.048 MHz. 
May be asynchronous with 
RCV CLOCK. 

Serial PCM TRI-STATE® 
output from encoder. Dur- 
ing the encoder time siot, 
the PCM code for the previ- 
ous sample of ANALOG 
INPUT is shifted out, most 
significant bit first, on the 
rising edge of XMIT 
CLOCK. 


10 RCV CLOCK 


Decoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight RCV 
CLOCK cycles wide. 

Receive bit , clock input 
used to shift in the 
PCM data on DIGITAL 
INPUT. May operate from 
64 kHz to 2048 MHz. May 
be asynchronous with 
XMIT CLOCK. 

All digital levels refer- 
enced to the DIGITAL 
GROUND pin. 

Serial PCM data input to 
the decoder. During the 
decoder time slot, PCM 
data is shifted into 
DIGITAL INPUT, most sig- 
nificant bit first, on the ris- 
ing edge of RCV CLOCK. 

ANALOG OUTPUT from 
the decoder. The decoder 
sample and hold amplifier 
is updated approximately 
15 ixs after the end of the 
decode time slot. 


ANALOG GROUND All analog signals are 

referenced to the ANALOG 
GROUND pin. 

NC Not connected. 


11 DIGITAL GROUND 


12 DIGITAL INPUT 


13 ANALOG OUTPUT 


Not connected. 


ENCODING FORMAT AT DIGITAL OUTPUT 



TP5116A 

Sign -k Magnitude 


11111111 
fl 0 0 0 0 0 0 0 
(0 0000000 
0 1111111 


TP5156A 

A-Law 

(Includes Even Bit Inversion) 


10 10 10 10 
110 10 10 1 
0 10 10 10 1 
0 0 10 10 10 



Functional Description 

Approximately 4 ns after the rising edge of the XMIT SYNC 
pulse, the voltage present on the ANALOG INPUT is 
sampled and the process of encoding that sample into' a 
PCM code is begun. Simultaneously, the 8-bit PCM code 
corresponding to the previous sample is shifted out of the 
DIGITAL OUTPUT, MSB first, on the rising edge of the next 
eight cycles of theXMlTCLOCK. When XMIT SYNC(which 
is normally eight XMIT CLOCK cycles long) goes low, the 
TRI-STATE® DIGITAL OUTPUT is returned to the high im- 
pedance state. On the TP5116A, the PCM code is in a /i-law 
sign plus magnitude format. The TP5156A uses the stand- 
ard A-law coding. 


An 8-bit PCM code is shifted into DIGITAL INPUT on the 
rising edge of the first eight RCV CLOCK pulses after 
RCV SYNC goes high. RCV SYNC is nominally eight RCV 
CLOCK cycles wide. Approximately 15 /iS after RCV 


SYNC goes low, the ANALOG OUTPUT is updated to the 
voltage corresponding to the PCM input code. 

All encoding and decoding operations are run off the 
MASTER CLOCK. MASTER CLOCK should be in the 
range of 1.536 MHz to 2.048 MHz and must be syn- 
chronous with XMIT CLOCK. The XMIT and RCV CLOCK 
may vary from 64 kHz to 2.048 MHz. 

Encoding Delay 

The encoding process begins immediately at the begin- 
ning of the encode time slot and is concluded no later 
than 18 time slots later. In normal applications, the PCM 
data is not shifted out until the next timeslot 125 #iS later, 
resulting in an encoding delay of 125 ns. In some applica- 
tions it is possible to operate the CODEC at a higher 
frame rate to reduce this delay. With a 2.048 MHz 
MASTER CLOCK, the FS rate could be increased to 
15 kHz, reducing the delay from 125 ns to 67 /is. 
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Functional Description (Continued) 

Decoding Delay 

The decoding process begins immediately after the end 
of the decoder time slot. The output of the decoder sam- 
ple and hold amplifier Is updated 28 MASTER CLOCK 
cycles later. The decoding delay is therefore approxi- 
mately 28 clock cycles plus one half of a frame time or, 
81 ixs for a 1.544 MHz system with an 8 kHz frame rate or, 
76 fis for a 2.048 MHz system with an 8 kHz frame rate. 
Again, for some applications the frame rate could be in- 
creased to reduce this delay. 

Typical Application 

A typical application of these CODECs used in conjunc- 
tion with the TP3040 PCM filter is shown below. The values 


of resistor R1 and DC blocking capacitor Cl, are non- 
critical. The capacitor value should exceed 0.1 /iF, R1 
should be less than 50 kO, and the product R1 x Cl should 
exceed 4 ms. 

XMITGAIN = 20 X log +3dB 


RCVGA1N = 20 X log ( — — — \ 
\R4-l-R5/ 


The power supply decoupling capacitors should be 
0.1 nF. In order to take advantage of the excellent noise 
performance of these CODECs, care must be taken in 
board layout to prevent coupling of digital noise into the 
sensitive analog lines. For card insertion into a hot con- 
nector, care should be taken to insure that GNDA and 
GNDD are contacted prior to Vcc and Vbb- 



Msmm 
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TP5600, TP5605, TP5610, TPSSIS 


^ National 
Jta Semiconductor 

TP5600, TP5605, TP5610, TP6615 Ten-Number 
Repertory Pulse Dialers 

General Description Features 


PRELIMINARY 


microCMOS 


The TP5600, TP5605, TP5610, TP5615 are monolithic inte- 
grated, circuits built using National’s advanced P^CMOS 
process (double poly-silicon gate CMOS). They provide all 
logic necessary to convert keypad inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory provides storage for nine telephone numbers plus 
the last number dialed, each up to 16 digits in length. The 
simple control scheme needs only 2 key entries to store a 
number or initiate automatic dialing of a stored number. This 
control scheme is the same as that used on the TP5650 reper- 
tory DTMF generator so that no user re-education is 
necessary when converting from pulse to tone dialing. For 
PBXappiications, the first 1 or 2 digits may be overwritten to 
obtain a second diai tone prior to automatic dialing. Two out- 
puts are provided to control pulsing of the teiephone line and 
muting of the receiver. The iow voitage and iow current re- 
quirements of this device aiiow direct teiephone line 
powered operation for diaiing. A smaii battery is recom- 
mended for on-hook memory retention. 


Block Diagram vod 


Features 

■ 2V, 150 liA telephone-line powered operation 

■ 1 /tA memory retention current 

■ Stores and auto-dials ten 16-digit numbers 

■ Last-number-redial included 

■ Scratchpad (number storage without dialing) 

■ Control key scheme— same as TP5650 DTMF repertory 
dialer 

■ 2-digit overwrite for PBX access codes 

■ Voltage regulator on-chip 

■ Single-contact or negative-common key inputs 

■ TP5600, TP5605 for pulsing loop in shunt with speech 
network 

■ TP5610, TP5615 for pulsing loop in series with speech 
network 

■ TP5600, TP5610 pin compatible with TP50981/2 pulse 
dialers; ceramic resonator oscillator 

■ TP5605, TP5615 have RC oscillator and IDP select 



OSCILLATOR 

COMPONENTS 


OSCANO TIMING 
CONTROL 


BREAK/ MAKE 
CONTROL 


OEBOUNCEAND RAM 
CONTROL LOGIC 



0 

T 

REGISTERS 

T 










LOW VOLT DETECT 
P.O.R. AND 
OSC CONTROL 


PULSE AND 
MUTE TIMING 
CONTROL 


I 


J ^ 

“ I " t “ " 


BREAK/MAKE 
■ SELECT 


I 


lOP SELECT 

(TP5605, TP5615 ONLY) 

FIGURE 1 




Absolute Maximum Ratings 

DC Supply Voltage (Vqd-Vss) 6V 

Voltage on Any Pin ^dd + 0-3V to Vss - 0.3V 

Operating Temperature (T;^) -30°Cto +70°C 

Storage Temperature -55°Cto +150“C 

Maximum Power Dissipation (25‘’C) 500 mW 


DC Electrical Characteristics 

Ta within operating temperature range, 2 V<Vdd- V ss<5V unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DC Operating Current, Idd 

VDD = 2V(Note1) 

Vdd = 5V (Note!) 

1 


150 

mA 

Regulator Voltage 

Iqd— ISO^ tA 


3.5 


V 

Memory Retention Current 

On-Hook, Vdd = 2V 



1 


PULSE Sink Current 

Vdd = 2V,Vout = 0.5V 

50 



/lA 

PULSE Source Current 

Vdd = 2V,Vout=1.5V 

150 



aA 

MUTE Sink Current 

Vdd = 2V,Vout = 0.5V 

50 



yjK 

MUTE Source Current 

Vdd = 2V,Vout=1-5V 

150 



yA 

Logic ‘0’ Level Input 


Vss 


0.2 Vdd 


Logic ‘1’ Level Input 

Keyscan Pull-Up Resistance 


0.8 Vdd 

100 

Vdd 

kO^ 

Keyscan Pull-Down Resistance 



4 


kn 

Keypad Contact Resistance 




1 

kfi i 

Keypad Capacitance 




30 

pF 

HOOKSWITCH Pull-Up Resistance 



100 


kO 

iput Leakage Current 

3/M SELECT, IDP SELECT, 

0/20 pps SELECT 

Vss<V|n<Vdd 


0.1 


yA 


Electrical Characteristics 

ithin operating temperature range, 2 V<Vdd- Vss<5V unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

00, TP5610 
cillator Frequency 

Figure 3 Component Values 


480 


kHz 

15, TP5615 
jillator Frequency 

Figure 4 Component Values 


16 


kHz 

lator Stability 

Internal Regulator Connected, 

150 /xA< Idd< 300 ftA 

-3 


3 

% 

arts 

aypad Debounce Time 

OSC IN = Nominal Frequency 

9 


12 

ms 

Key Closure Time 


25 ' 



ms 

Oscillator Start-Up Time 

> 

CM 

II 

Q 

O 

> 


5 


ms 

Pulse Rate 



10 


pps 

BREAK Time, tg 

BREAK/MAKE = Vdd 


60 


ms 


BREAK/MAKE = Vss 


66 


ms 


Note 1: Off-hook, HOOKSWITCH pin connected to Vgs, all outputs open. 
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TP5600, TP5605, TP5610, TPSeiS 


Connection Diagrams 

Dual-In-Line Package 
16 

— PULSE OUT 
15 

— HOOKSWITCH 
14 

— R0W1 
13 

— ROW 2 
12 

— ROW 3 
11 

— ROW 4 
— MUfFOUT 
— BREAK/ MAKE SELECT 

TOP VIEW 

Order Number TP5600N or TP5610N 
See NS Package N16A 

Pin Descriptions 

VDD(Pinl): This is the positive supply to the device and is 
referenced to Vss (pin 6). An active zener regulator is con- 
nected on-chip between Vdd and Vss (see pin 6), and the 
device is intended to be powered from a current-limited 
source. This regulator is turned off and effectively discon- 
nected when the device is in the on-hook state in order to 
minimize current consumption. Power-on reset and low 
voltage detect circuits ensure correct operation following 
power-up or reduction of the on-hook supply voltage below 
that required to retain stored data. 

Keypad Inputs: A valid key entry is defined as either con- 
necting a single row to a single column or connecting Vss 
simultaneously to a single row and a single column. This 
allows direct interface to an inexpensive single-contact 
(form A) keypad, the standard 2-of-7 keypad with negative- 
common, or logic-generated inputs. 

Vss (pin This is the negative supply. 

OSC IN, OSC OUT (pins 7, 8 on TP5600, TP5610 only): The 
device contains an on-chip oscillator circuit designed to 
work with a ceramic resonator at 480 kHz in anti-resonant 
mode. 2 external capacitors are required, typically 100 pF 
each (Figure 3). The circuit may also be driven with an 
external 480 kHz source on OSC IN. 

OSC IN, OSC OUT, OUT (pins 7, 8 and 9 on TP5605, 
TP5615 only): The device includes a stable on-chip 
oscillator circuit designed to work with the component 
, values shown in Figure 4. The circuit may also be driven 
I with an external 16 kHz source on OSC IN (pin 7). 

On all devices, the oscillator runs only while the device is 
scanning the keypad and/or timing storage or outpulsing 
functions. 

BREAK/MAKE SELECT: The BREAK/MAKE ratio is se- 
lected by connecting this pin as follows (no pull-up 
resistor is provided): 



Dual-ln-Llne Package 



TOP VIEW 

Order Number TP5605N orTP5615N 
See NS Package N18A 



MUTE OUT: This is an open-drain n-channel output 
designed to drive a simple interface circuit to mute the 
receiver during outpulsing. See the timing diagram for fur- 
ther details. 

HOOKSWITCH: This input has a 100 kO internal pull-up 
resistor to Vdd- Allowing this pin to float, or connecting a 
Vdd level puts the circuit in the on-hook, low power idk 
mode. It also turns off the active zener regulator. 

Connecting this pin to Vss the circuit in the off-hr 
mode, ready to accept key inputs and generate outp 
ing. It also turns on the zener regulator to limit the volt 
across the device. See Applications Information for 
ther information. 

PULSE OUT: This . is an open-drain n-channel oi 
designed to drive a simple interface circuit to pulse the 
phone line with the correct BREAK/MAKE ratio, IDP ti 
and pulse rate. 

IDP SELECT (TP5605, TP5615 only): The Inter-Di 
Pause period is selected by connecting this pin as fol 
(no pull-up resistor is provided): 



10/20 pps SELECT (pin 2): For normal 10 pps dialing, cc 
nect this pin to Vss- Connec ting thi s pin to Vdd doubles 
rate of all PULSE OUT and MUTE OUT timing. No pull-up 
resistor is provided. 
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Functional Description 

The timebase for this family of repertory dialers is de- 
rived from an on-chip oscillator connected as shown in 
Figure 3 or 4. In the on-hook condition, the oscillator is 
stopped and all keypad inputs inhibited. After going off- 
hook, the oscillator remains off and the keypad inputs go 
to a static sensing mode. Upon sensing a single key clo- 
sure, the oscillator starts, and the row and column inputs 
are alternately scanned at a 500 Hz rate. When a key clo- 
sure remains valid for the required debounce time, the key 
is interpreted in accordance with Table I. During manual 
dialing, valid digit keys are entered into the last-number- 
dialed register (register 0) in sequence and outpulsed at 
the nominal 10 pps rate. A manually dialed number may be 
entered rapidly and may exceed 16 digits without limit, 
provided no more than 15 digits remain to be outpulsed. 
Automatic dialing is inhibited, however, if an attempt is 
made to store more than 16 digits in that register. When no 
further digits remain to be outpulsed, the oscillator stops 
and key inputs return to the static sensing mode awaiting 
further keys or a return to the on-hook condition. 


TABLE I. CONTROL SCHEME 


Function 

Control Sequence 

Dial and store in register 0 

No dial, store in register N only 
Scratchpad 

Copy last number to register N 
Auto-dial register N 

Last number redial. 

PBX access 

Di....Dx 
* N Di....Dx 

Dx * N Di...Dy 

...Dx(l t) * N 1 
#N 

#0 

t (Di) (D2)#0orN 


Note 1: N is a long-term storage register numbered from 1-9. D is a digit. 
Note 2; t indicates on-hook to off-hook, I indicates off-hook to on-hook. 
Note 3: Entries in brackets may be omitted. 


NUMBER STORAGE 

Telephone numbers are stored in 10 registers, numbered 

0- 9. Register contents can only be modified while off- 
hook. Register 0 always stores the last number which was 
manually dialed, and remains unchanged during auto- 
matic dialing. Numbers for long-term storage in registers 

1- 9 are entered by *, then N and then the telephone 
number, where N is the register number. Other registers 
can be successively modified by entering a new *, N 
followed by the telephone number. Once a * key is entered, 
no further outpulsing is possible until after an on-hook 
reset on the HOOKSWITCH pin. This facilitates the 
Scratchpad feature, whereby a number can be stored in a 
register without outpulsing during a conversation. The 
last number dialed manually is copied from register 0 to 
any of the long-term storage registers by entering *, N. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to inhibit automatic dialing from that 
register. The flag is reset foilowing the next * , N entry to re- 
program that register. 

DIALING 

Automatic dialing of the teiephone number stored in any 
register is initiated by entering #, then N. The keypad is 


then locked out until completion of outpulsing, after ^ 
which further manual or automatic dialing is permitted. 

For PBX applications, a 1 or 2-digit access code may be 
entered prior to a #, N code. These access digits overwrite 
the previously stored digits at the start of register 0, the 
last-number-dialed register. The user then waits for a sec- 
ond dial-tone before automatically dialing the required 
number. Note that if a 2-digit access code is entered 
followed by #, 0, register 0 is automatically dialed from 
location 3 onwards. Either a 1 or 2-digit access code 
followed by #, N, however, automatically dials register N 
from location 1 onwards. This allows the most flexible use 
of registers 1-9. Thus, it is not necessary to store access 
codes in registers 1-9, either manually or by copying the 
last number dialed. 

Applications Information 

The TP5600 and TP5605 PULSE output is designed to drive 
a pulsing loop circuit in shunt with the speech network, as 
shown in Figure 3. During outpulsing, the MUTE circuit is ! 
turned off to isolate the speech network from the line. Q2 | 
and Q3 conduct during MAKE periods, R1 adjusts tele- j 
phone pulsing resistance. Q2 and Q3 turn off during 
BREAK periods, loop current is then only the supply cur- 
rent to the device. Q1 provides a current source of .200 iiA 
minimum to ensure that the device will have an adequate 
supply voltage. 

The TP5610 and TP5615 PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case, the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing, MAKE 
periods. Q3 cuts off this current during BREAK periods. 

The on-hook current required for the device to retain dat 
is low enough to allovv this current to be drawn from tt 
telephone line in certain applications. In this case, it is e 
visable to add an external protection zener diO' 
specified for very low leakage, as the internal regulato 
turned off when the HOOKSWITCH pin goes high. A ' 
leakage decoupling capacitor should also be specifie 

To protect stored data in the event of reduced line volt- 
(caused by an off-hook extension telephone, for examf 
a small back-up battery is recommended, as show 
Figures 3 and 4. The voltage regulator is turned off in 
on-hook state to minimize battery current consumptii 

To protect the device against over-voltage during the t. 
sition to off-hook, the HOOKSWITCH contacts shoulc 
sequenced so that H/S2 closes before H/S1, thus conn 
ing the on-chip regulator before the line power. Alter 
tively an external zener diode can be used. 

Ceramic resonators for the TP5600, TP5610 oscillator ci 
cuits can be obtained from various companies including 
muRata, Toko, Vernitron and Radio Materials Corporation. 
The anti-resonant frequency, fg, should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, fp which is typically 15 kHz-25 kHz lower than 
fg. Consult manufacturers’ data for specifications and 
tolerances. 
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National 

Semiconductor 


PRELIMINARY 


TP5650, TP5660 Ten-Number Repertory DTMF Generators 


General Description 

The TP5650 and TP5660 are monolithic integrated circuits 
built using National’s advanced P^CMOS™ process 
(double poly-silicon gate CMOS). They interface directly to 
a telephone keypad and generate all 16 standard dual-tone 
multi-frequency pairs required in tone dialing systems. An 
on-chip memory provides storage for nine telephone 
numbers plus the last number dialed, each up to 16 digits 
in length. The simple control scheme needs only 2 key en- 
tries to store a number or initiate automatic dialing of a 
stored number. This control scheme is the same as that 
used on the TP5600 family of repertory pulse dialers so 
that no user re-education is necessary when converting 
from pulse to tone dialing. The tone synthesizers are 
locked to an inexpensive 3.579545 MHz crystal for high ac- 
curacy. A MUTE OUT logic signal, which changes state 
when any key is depressed, is also provided. The low 
voltage and low current requirements of this device allow 
direct telephone line powered operation. A small battery is 
recommended for on-hook memory retention. 


Features 

■ 2.5V-12V operation when generating tones 

■ 2V operation of keyscan and MUTE logic 

■ 1 /4A memory retention current 

■ Stores and auto-dials ten 16-digit numbers 

■ Last-number-redial included 

■ Scratchpad (number storage without dialing) 

■ TP5650 control key scheme same as TP5600 repertory 
pulse dialer 

■ TP5660 has 14 keys— separate Store, Redial, and 
Pause 

■ 2-digit overwrite for PBX access codes 

■ 3.579545 MHz crystal-controlled oscillator 

■ Low harmonic distortion 

■ Single-contact or negative-common (2-of-8) key inputs 


Block Diagram 


Voo 



FIGURE 1 


TL/H/5474-1 
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Absolute Maximum Ratings 

Supply Voltages (Vdd-Vss) and (Vdd-Vm) 13V 

Maximum Voltage at 

Any Other Pin Vqq + 0.3V to Vss- 0.3V 

Operating Temperature(TA) -30°Cto+60°C 

Storage Temperature - 55°C to + 150°C 

Maximum Power Dissipation 500 mW 

Electrical Characteristics 2 .5V<Vdd< 10V, unless otherwise specified, within operating temperature range 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Minimum Supply Voltage Swing 

Generating Tones 



2.5 

V 

Minimum Memory Retention Voltage 




2 

V 

Supply Current, Iqd 






Idle 

Vdd = 2.5V, 


20 



Generating Tones 

RL = Open 


1 


mA 

Battery Current, l^ 

On-Hook, Vss Open 

■■■■■ 

2 



MUTE OUT Sink Current 

Vdd = 2.5V, Vo = 0.5V 




mA 

MUTE OUT Source Current 

Vdd = 2.5V, Vo = 1.5V 




mA 

TONE OUT Amplitudes 

Rl = 1001] 





Low Group 

Vdd = 2.5V 


175 


mVrms 


Vd = 10V 


190 


mVrms 

High Group 

Vdd = 2.5V 


225 


mVrms 


Vdd = 10V 


240 


mVrms 

High Group Pre-Emphasis 



2 


dB 

Mean DC Offset at TONE OUT 

Generating Tones 

Vdd = 2.5V 


n 


V 


Vdd = 10V 




V 

al Tone/Total Harmonic 
jtortion Ratio 

1 MHz Bandwidth 

20 



dB 

t-Up Time (to 90% Amplitude) 

Manual Dialing 



5 

ms 

9S-On Duration 

Automatic Dialing 


75 


mam 

iS-Off Duration 

Automatic Dialing 


75 


ms 

jmn and Row Resistors 



50 . 


Ml 


1: Crystal Specification: Parallel Resonant 3.579545 MHz, Rs<150n, L= 100mH,Co = 5pF. = 0,02 pF. 

nnection Diagrams 


Vdo — H 
2 


C0L1' 


COL 3' 


OSC IN -H 
OSC OUT 



16 

— TONE OUT 

■i^NC 

14 

— R0W1 

Vdd — 

Vm — 

C0L1 — 

\J 


13 

— ROW 2 

4 

COL 2 — 


TP5650 

12 

— ROW 3 

5 

COL 3 — 

TP5660 


— ROW 4 

6 

Vss — 



10 

— MUTE OUT 

7 

OSC IN — 



9 

— COL 4 

8 

OSC OUT — 



1-1^ TONE OUT 


,15 

h— ROWS 


— R0W1 
13 

— ROW 2 
12 

— ROW 3 
11 

— ROW 4 
10 

— MUTE C 
g 

I— COL 4 


TOP VIEW 


FIGURE 2 

Order Number TP5650N or TP5660N 
NS Package Number N16A 


TOP VIEW 
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Pin Descriptions 

Vqd (pin 1): The positive suppiy to the device, referenced 
to Vss- A power-on reset circuit ensures correct operation 
foliowing initial power-up. 

V|^(pin 2): The negative terminal of the back-up battery for 
on-hook memory retention. A low-voltage detect circuit 
prevents misoperation of the circuit in the event of a 
reduction in the on-hook supply voltage below that re- 
quired to retain stored data. 

COLUMN and ROW Scans (pins 3, 4, 5, 9, 11, 12, 13, 14 plus 
pin 15 on TP5650 only): When no key is closed, pull-up 
resistors are active on COLUMN inputs and pull-down 
resistors are active on ROW inputs. After a key is closed 
the ROW pull-down resistors cause a negative-true on 
COLUMN inputs, which starts the oscillator and Initiates 
tone generation. 

Vss (pill 6): The negative supply to the device in the off- 
hook state. An open-circuit on this pin while back-up 
power is maintained on V|^ will reset the circuit. 

OSC IN, OSC OUT (pins 7 and 8): All logic and tone 
generator timing is derived from the on-chip oscillator cir- 
cuit. A low cost 3.579545 MHz A-cut crystal (NTSC TV 
color-burst) must be connected between pins 7 and 8. 
Load capacitors and a feedback resistor are included on- 
chip for good start-up and stability. The oscillator stops 
when automatic tone generation is completed or there are 
no key closures. 

MUTE OUT (pin 10): This is a CMOS output which sinks 
current to Vss when no tones are being generated and 
sources current from Vqd when tones are being generated. 
TONE OUT (pin 10): This output is the open emitter of an 
NPN transistor, the collector of which is connected to 
When an external load resistor is connected from TONE 
OUT to Vss, the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off- 
set. When not generating tones, this output transistor is 
turned off to minimize the device idle current. 


Functional Description 

In the on-hook state, with power maintained for memory 
retention, the oscillator is stopped, the output transistor is 
pulled off and all keypad inputs are inhibited. After going 
off-hook, the oscillator remains off and the key inputs go 
to a static sensing mode. A single key closure activates 
the MUTE OUTPUT and starts the oscillator and keyscan. 
A valid digit key sets the high group and low group pro- 
grammable counters to the appropriate divide ratio. These 
counters sequence two sine-weighted-capacitor D/A con- 
verters through a series of 28 equal-duration steps per 
sine-wave cycle. An on-chip voltage reference ensures 
good stability of tone amplitudes with variations in supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, with pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir- 
ing the addition of an external load resistor to Vss- This 
resistor facilitates adjustment of the signal current flow- 
ing from Vdd through the output transistor. 

key inputs which are digits for manual dialing are not de- 
bounced prior to tone generation. Keys are debounced 
prior to being accepted as digits to be stored or as control 
keys (Table II). Upon completion of a manually or automati- 
cally dialed number, the oscillator stops and key inputs 
return to the static sensing mode awaiting further keys or 
a return to the on-hook state. 


TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Valid 

Standard 

Tone Out 

% Deviation 

Group 

Input 

DTMF(Hz) 

Frequency 

from Standard 

LOW 

ROW 1 

697 

694.8 

-0.32 

GROUP 

ROW 2 

770 

770.1 

■fO.02 

(l 

ROWS 

852 

852.4 

•fO.03 


ROW 4 

941 

940.0 

-0.11 

HiGH 

COL1 

1209 

1206.0 

-0.24 

GROUP 

COL 2 

1336 

1331.7 

-0.32 

(h 

COL 3 

1477 

1486.5 

-1-0.64 


COL 4 

1633 

1639.0 

-1-0.37 


TABLE II. CONTROL SCHEME 


Function 

Control Sequence 

Dial and Store in Register 0 

t Dv-D, 

No Dial, Store in Register N Only 

I SN Di.---Dx 

Scratchpad 

t Di...DxS N Di...Dy 

Copy Last Number to Register N 

...Dx(l t)S N 1 

Auto-Dial Register N 

I R N 

Last Number Redial 

t RO 

PBX Access 

I (Di) (D 2 ) R 0 or N 

* Tones 

* (TP5660) 

** (TP5650) Note 1 

# Tones 

# (TP5660) 

## (TP5650) Note 2 


Notet: * key is also STORE key S on TP5650 

Note 2: # key Is also REDIAL key R on TP5650 

Note 3: N Is a long-term storage register numbered from 1-9 

Note 4: t Indicates on-hook to off-hook, 1 indicates off-hook to on-hook 

Note 5: Entries In brackets may be omitted 

NUMBER STORAGE 

S (for store) and R (for redial) entries refer to TP5660 c 
* is shown in brackets to repiace S and # is show 
brackets to replace R on the TP5650 only. 

Telephone numbers are stored in 10 registers, numt 
0-9. Register 0 aiways stores the last number which 
manually dialed, and remains unchanged during . 
matic dialing. Register contents can only be mod 
while off-hook. 

Numbers are stored in long-term registers 1-9 by ent 
S (*), then N and then the telephone number, where 
the register number. Other registers can be succesf 
modified by entering a new S (*), N, followed by the 
phone number. Once an S (*) key is entered, no ft 
digit tone outputs are possible until after an on-hook ; 

This facilitates the Scratchpad feature, whereby a nu 
can be stored in a register without tone outputs dui 
conversation. The last number dialed manually ca 
copied from register 0 to any of the long-term stc 
registers by entering S (*), N, then going on-hook. 

An attempt to store more than 16 digits in a register wil 
an overflow flag to inhibit automatic dialing from t 
register. The fiag is reset following the next S(*), N entry 
re-program that register. 

DIALING 

In the manual dialing mode (i.e., direct diaiing from the 
keypad), tone pairs are generated for the duration of a 
valid key ciosure. 

Automatic dialing of the number stored in register N is in- 
itiated by entering R (#) foilowed by N. The correct tone 
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Functional Description (Continued) pause 


pairs are generated in alternate bursts of tones-on, tones- 
off until the end of the stored number. During this time, the 
keypad is locked out until completion of dialing, following 
which further manual or automatic dialing is permitted. 

For PBX applications a 1 or 2-digit access code may be 
entered prior to the R (#), N code. These access digits over- 
write the previously-stored digits at the start of register 0, 
the last-number-dialed register. The user then waits for a 
second dial tone before entering R (#), N to automatically 
dial the stored number. 

Note that if a 2-dlgit access code is entered followed by R 
(#), 0, register 0 is automatically dialed from location 3 on- 
wards. Entering either a 1 or 2-digit access code followed 
by R (ff), N, automatically dials register N from location 1 
onwards. This allows the most flexible use of registers 
1-9. Note that access codes should not be entered into 
registers 1-9, either manually or by copying the last 
number dialed. 


This key (on the TP5660 only) allows the user to enter a 
pause at a point In the dialing sequence where an outside 
dial tone from a PABX is required. A pause may be entered 
in any register either during manual dialing or scratchpad 
storage. Then, during automatic dialing of that number, 
the stored pause will halt dialing. On hearing the outside 
dial tone the REDIAL key must be entered to continue 
automatic dialing. 

Applications Information 

Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation, the sine- 
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in- 
creasing the source impedance of the device as seen from 
its power supply terminal. Note that the DTMF generator 
is a current source which modulates its own supply ter- 
minals in a conventional telephone application. 



FIGURE 3. Amplitude and Distortion Measurement Circuit 




FIGURE 4b. Auto-Redial Timing 
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0.01 nF 



Note 1: Must be low voltage drop diode (e.g., Schottky). 
Note 2: 2.7V-3.1V. 


"“BTOO Telephone Speech Circuit 


Typical Application ipseso 




National 

Semiconductor 


TP50981/TP50981 A, TP50982/TP50982A, TP50985/TP50985A 
Push Button Pulse Dialer Circuits 

General Description Features 


This family of monolithic CMOScircuits provides all logic 
necessary to convert keyboard inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory capable of storing up to 17 digits allows keyboard 
entries to be made at rates comparable to those of tone- 
dialing telephones and provides one-key redial of the last 
number dialed. The keyboard inputs interface directly to a 
standard 2-6f-7 keypad with positive-common or an inex- 
pensive form A-type keyboard. Two outputs, one for puls- 
ing the telephone line and one to mute the receiver, are 
provided along with pin selectable Break/Make ratios and 
an on-chip voltage regulator. The low voltage and low cur- 
rent requirements of these devices allow direct telephone 
line powered operation. 


■ TP50981/TP50981A,TP50985/TP50985A for pulsing loop 
in shunt with speech network 

■ TP50982/TP50982A for pulsing loop in series with 
. speech network 

■ 1.7V, 150 nA operation TP50981A, TP50982A and 
TP50985A 

■ Single-contact or positive-common key inputs 

■ Break/Make ratio pin selectable 

■ On-chip voltage regulator 

■ On-chip oscillator using 480 kHz ceramic resonator 

B Scratchpad (new number storage without dialing) on 
TP50985/TP50985A 

■ 10/20 pps option on TP50985/TP50985A 


Block Diagram ■ v* 

i|vdd 

I -i 1 



FIGURE 1 

Connection Diagram (Dual-ln-Line Package, Top View) 



. PULSE OUTPUT 
. HOOKSWITCH/TEST 

■ ROWI 
■ROW 2 

■ ROW 3 

■ R0W4 

■ MUTE OUTPUT 

> BREAK/MAKE SELECT 


Order Number TP50981N,TP50981 AN, 
TP50982N, TP50982AN, TP50985N or TP50985AN 
See NS Package N16A 



10/20 pps select input on TP50985/TP50985A 
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TP50981 /TP50981 A, TP50982/TP50982A, 
TP50985/TP50985A 


Absolute Maximum Ratings 

DC Supply Voltage (Vdd-Vss) 6.0V 

Voltage on Any Pin Vdq + 0.3V to Vss - 0.3V 

Operating Temperature -30‘’Cto +70®C 

Storage Temperature -55°Cto +150'’C 

Maximum Power Dissipation (25'’C) 500 mW 


DC Electrical Characteristics 

Ta within operating temperature range, VpD min < Vqd ^ 5.0V, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VpD Min DC Supply Voltage 






TP50981, TP50982, TP50985 

Pin 1 Ref. Pin 6 

2.5 



V 

TP50981A, TP50982A, TP50985A 


1.7 



V 

Memory Retention Current 

Vdd = 1.7V, Notes 1 and 2 


0.5 

1.0 


DC Operating Current 

Off-Hook, Valid Key, Vr^f Tied to Vss 


100 

150 

fiA 

Vrff Sink Current 

Vdd-5.0V 

1.0 



mA 

MUTE Sink Current 

VDD = VDDMin,Vo = 0.5V 

0.5 

2.0 


mA 

PULSE Sink Current 

VDD = VDDMin,Vo = 0.5V 

1.0 

4.0' 


mA 

MUTE and PULSE Leakage 

Vdd = 5.0V, Vo = 5.0V 


0.001 

1.0 

mA 

Keyboard Contact Resistance 




1.0 

kfi 

Keyboard Capacitance 




30 

pF 

Logic ‘O' Level Input 


Vss 


0.2 Vdd 

V 

Logic ‘T Level Input 


0.8 Vdd 


Vdd 

V 

Keyboard Pull-Up Resistance 

' 


4.0 


kO 

Keyboard Pull-Down Resistance 



100 


kS 

HOOKSWITCH Pull-Up Resistance 



100 


kJ 


Note 1: On-hook mode, Vref tied to Vss, all outputs open. 

Note 2: Power-on reset and low-voltage-detect circuits inhibit the redial function if the supply voltage falls below Vdd Min. 


AC Electrical Characteristics 

Ta within operating temperature range, Vqd min < Vqd < 5.0V, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Uni 

Oscillator Frequency 

Anti-Resonant Mode 


480 


kHz 

Keyboard Debounce Time 

OSCIN=480 kHz 

9 


11 

ms 

. Oscillator Start-Up Time 

VDD = VDDMin 


5.0 


ms 

Pulse Rate 



10.0 


pps 

Break Time 

Pin 9 @ Vdd 


61.0 


ms 


Pin 9 @ Vgg 


67.0 


ms 

Interdigit Pause 



800 

1 


ms 
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Functional Description 

The time base for this famiiy of puise dialers is derived 
from a 480 kHz ceramic resonator in anti-resonant mode. 
In the on-hook condition, the oscillator is stopped and all 
keyboard row and column inputs are forced to Vdd which 
inhibits any key closures from effecting the circuit. After 
going off-hook the oscillator remains off and the keyboard 
inputs go to a static sensing mode. Upon sensing a single 
key closure, the oscillator starts, and the row and column 
inputs are alternately scanned at a 500 Hz rate. When the 
circuit senses a valid key closure for the required 
debounce time, the key is written into memory and out- 
pulsing begins for that key. Further valid keys are entered 
in sequence, provided that no more than 17 digits remain 
to be outpulsed. If no further key is entered, following the 
IDP the oscillator will stop and the key inputs will return to 
the static sensing mode awaiting further keys or a return 
to the on-hook condition. By maintaining power to the 
device while on-hook, the last number dialed (up to 17 
digits) is stored in the memory. On going off-hook 
(HOOKSWITCH goes to Vss) the stored number can be 
automatically redialed by entering either * or # as the first 
key (TP50981/TP50981 A and TP50982/TP50982A). Entry of 
any digit as the first key following off-hook clears the 
redial memory and enters digits in sequence, starting at 
location 1. 

The * key on the TP50985/TP50985A is redefined to 
provide entry to the Scratchpad feature. This mode allows 
the outpulsing memory to be overwritten with a new 
telephone number without that number being outpulsed. 
Scratchpad mode can be entered directly after going 
ff-hook or during a conversation by keying * followed by 
■) next desired number. The new number can only be out- 
'sed by returning on-hook, then off-hook followed by the 
sy, which will redial the last number as normal. 

TP50985/TP50985A also enables the user to select an 
jut pulse rate of either 10 pps by connecting pin 2 to 
md or 20 pps by connecting pin 2 to Vqd. On this ver- 
Vref is connected to Vss internally. 


Descriptions 

^in 1): This is the positive supply to the device and is 
)nced to Vss (pin 6). The voltage on this pin must be 
d to less than 6V either externally or by current- 
ig the supply to the on-chip voltage regulator. In the 
umber-stored mode a minimum of 1 nA of supply cur- 
...i must be available to this pin while on-hook. 

Vref (pin 2): In normal applications, this pin Is tied to Vss 
(pin 6) which enables the on-chip voltage regulator circuit. 
When Vref is tied to Vss> the voltage regulator will provide 
a current sink from Vdd to Vss of a minimum of 1 mA with 
Vdd equal to 5V. 

KEYBOARD INPUTS (pins 3, 4, 5, 11, 12, 13, and 14): A valid 
key entry is defined as either connecting a single row to a 
single column or connecting Vdd simultaneously to a 
single row and a single column. This allows direct. inter- 
face to an inexpensive single-contact (form A) keyboard, 
the standard 2-of-7 keyboard with positive-common, or 
logic-generated inputs. 


In the on-hook condition [HOOKSWITCH/TEST (pin 15) 
connected to Vdd] the keyboard inputs are disabled 
and pulled high. Upon entering the off-hook condition the 
keyboard inputs go to a static sensing mode until a key 
closure is sensed. The oscillator is then enabled and 
the rows and columns are alternately scanned (pulled 
high, then low) to verify that the input is valid. The key must 
then remain valid continuously for the specified debounce 
time before the circuit will accept and decode it and begin 
outpulsing. 

Vss (pin 6): This is the negative supply. 

OSCILLATOR IN, OUT (pins 7, 8): The device contains an 
on-chip oscillator circuit designed to work with a 480 kHz 
ceramic resonator (anti-resonant mode) and 2 external 
capacitors, normally 100 pF. A 1 Mfi resistor is included on- 
chip for good oscillator stability. The circuit may also be 
driven with an external 480 kHz source on OSCILLATOR IN 
(pin 7). 

BREAK/MAKE SELECT (pin 9): The Break/Make ratio is 
selected by connecting pin 9 to either Vdd or Vss- Table I 
indicates the available ratios. 


TABLE I. BREAK/MAKE SELECT 


Input to BREAK/MAKE (pin 9) 

PULSE OUTPUT 
Break Make 

Vdd 

61% 

39% 

Vss 

67% 

33% 


MUTE (pin 10): This pin is the output of an open-drain 
N-channel transistor. It drives a simple interface circuit to 
mute the receiver during outpulsing. See the timing dia- 
gram and application notes for further information con- 
cerning this output. 

HOOKSWITCH/TEST (pin 15): This input has a 100 kf] 
internal pull-up resistor to Vdd- Allowing this pin to float, 
or connecting a Vdd level puts the circuit in the on-hook 
idle mode. 

With this pin connected to Vss the circuit is in the off-hook 
mode and will accept keyboard inputs, and outpulse them 
at the normal 10 pps rate. When the outpulsing is com- 
plete, the oscillator stops and waits for further key inputs. 
If, however, pin 15 is taken to Vdd while the circuit is still 
outpulsing the remaining digits will be outpulsed at 100 
times the normal rate (BREAK/MAKE becomes 50%). This 
allows for rapid testing of the device and also provides a 
means for resetting the circuit if power to the device is 
maintained while on-hook. (Note: Taking the worst-case 
of 17 zeros remaining to be outpulsed, this operation could 
take 300 ms to complete. Therefore, to ensure that the cir- 
cuit has been properly reset, pin 15 should remain at Vdd 
for more than 300 ms before entering a new number.) 

PULSE OUTPUT (pin 16): The pulse output consists of an 
open-drain N-channel transistor. It is intended to drive a 
transistor interface circuit to pulse the telephone line with 
the correct Break/Make ratio, IDP timing, and pulse rate. 
On the TP50981 /TP50981 A, TP50985/TP50985A this output 
is normally low and pulses high. On theTP50982/TP50982A 
the output is normally high and pulses low. See Figure 2 
for further details of the timing differences between the 
parts. 


5-105 


TP50981 /TP50981 A, TP50982/TP50982A, 
TP50985/TP50985A 







TP50981 /TP50981 A, TP50982/TP50982A, 
TP50985/TP50985A . 


Timing Diagram 



FIGURE 2 


Applications Information 

The TP50981/TP50981A, TP50985/TP50985A PULSE out- 
put is designed to drive a pulsing loop circuit in shunt with 
the speech network, as shown in Figure 3. During out- 
pulsing the MUTE circuit is turned off to isolate the speech 
network from the line. VT2 and VT3 conduct during MAKE 
periods, R1 adjusts telephone pulsing resistance. VT2 and 
VT3 turn off during BREAK periods, loop current is then 
the sum of the device supply current, plus R2 and R3 cur- 
rents. These currents should be designed to meet the sys- 
tem maximum BREAK current specification, where appli- 
cable. The on-chip voltage regulator enables the device to 
be fed from a current-limited supply of 150 /tA minimum, as 
shown in Figure 3. 

The TP50982/TP50982A PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
periods. VT3 cuts off this current during BREAK periods. 

To take maximum advantage of the low current consump- 
tion of the TP50981 A, TP50982A, TP50985A in the on-hook. 


last-number-stored mode, all other current paths must be 
minimized. These include leakage of the decoupling ca- 
pacitor Cl, and reverse leakage of current through the cur- 
rent source, which could flow to ground via the transistor 
interface circuits and speech network. If on-hook current 
is drawn from the telephone line, reverse leakage of the 
two back-biased diodes in the rectifier bridge must also be 
considered. Virtually the full station battery voltage may 
appear across these diodes in the on-hook condition of 
Figures 3 and 4, hence the diodes should be specified for 
minimum leakage current at 50V reverse bias and maxi- 
mum operating temperature. 

Ceramic resonators for the oscillator circuit can be 
obtained from various companies including muRata, 
Toko, Vernitron and Radio Materials Corporation. The 
anti-resonant frequency, fg, should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, fr, which is typically 15 kHz-25 kHz lower 
than fg. Consult manufacturers’ data for specifications 
and tolerances. 
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National 

Semiconductor 


TP53130 DTMF (TOUCH TONE®) Generator 
with Binary Data and Keypad Interface 


General Description 

The TP53130 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that generates all 
dual tone multi-frequency (DTMF) pairs required in tone- 
dialing systems. The 8 audio output frequencies are 
generated from an on-chip 3.579545 MHz master oscil- 
lator. No external components other than the crystal are 
required for the oscillator. The TP53130 can be powered 
directly from telephone lines over wide range loop condi- 
tions. The device can interface directly to an inexpensive 
single-contact calculator type keyboard or a standard 
telephone 2-of-8 keypad (Figure 4). The TP53130 is also 
capable of accepting binary code inputs for micro- 
processor-controlled systems applications. 


Features 

■ 3V-15V operating voltage 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ Tone accuracy better than ±1% without tuning 

■ Interface with standard 2-of-8 telephone keypad 

■ Interface with single-contact low cost keypad 

■ Input signals can be in binary code 

■ Multi-key lockout with/without single tone capability 

■ On-chip high band and low band tone generators and 
mixer 

■ High band pre-emphasis 

■ Low harmonic distortion 

H Open emitter-follower low impedance output 
H Separate receiver mute and transmitter mute switch 
outputs 

Q Powered directly from the telephone line 


Block Diagram 


KEY/BINARY 

SELECT' 


TONE DISABLE- 


MODE SELECT* 


CONTROL 

LOGIC 


PROGRAMMABLE 
DIVIDER 
-23 -19 
-21 -17 


PROGRAMMABLE 
DIVIDER 
-80 -66 
-73 -59 


WAVEFORM 

GENERATOR 


WAVEFORM 

GENERATOR 


VOLTAGE 

REFERENCE 


XMTSW 

MUTE CONTROL 


FIGURE 1 
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Absolute Maximum Ratings 

Voltage at Any Pin Except XMTSW and MUTE Vgs - 0.3V to Vqd + 0.3V 
Voltage at XMT SW and MUTE Pins Vss - 0.3V to 15V 

Operating Temperature Range -40°Cto+70°C 

Storage Temperature Range -es^Cto +150°C 

Vqd'Vss 10V 

LeadTemperature(Soldering, lOseconds) 300°C 


Electrical Characteristics t^ within operating temperature range, 3 V<Vdd^ 8V, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Pull-Up Resistor 






Column and Row Inputs 


25 

50 

90 

kO 

Key/Binary Select 


200 

650 

1000 

kn 

Mode Select 


200 

650 

1000 

kf] 

Tone Disable 


200 

650 

1000 

kO 

Input Pull-Down Resistor 






Column and Row Inputs 

< 

O 

o 

II 

< 

650 



Q 


> 

00 

II 

o 

o 

> 

200 



U 

Input Voltage Levels 






Logical “1” 


80% of Vqd 


Vdd 

V 

Logical “0” 


Vss 


20% of Vdd 

V 

Operating Frequency 



3.579545 


MHz 

Output Voltage Swing at Tone 






Output 






Low Band Alone 

RL>150n 


820 


mVp- 

High Band Alone 

Rl> i5on 


1000 


mVp 

Harmonic Distortion 

RL>150t] 



-20 

dB 

Tone Frequency Deviation 




. 1.0 

% 

Typical Application Output 

20<Il< 100 mA 





Level VL(See Figure 5) 






Low Band Tone 

RL=150n 


-6 


d: 

High Band Tone 

G 

O 

If) 

II 

cr 


-4 


d' 

THD 

f <20 kHz 


4 


C 

Output Currents 

Vdd = 3V 





XMT SW/MUTE 

Vout = 2V 

3 



r 

Idle Current 

Rl= 00, Vq0 = 8.OV 



1 

r 


(No Key Depressed) 





Operating Current 

Rl= 00, Vdo = 3.5V 



2 

• 

Key Down to Tone Outputting 



3 

4 

ms 

Time (Debounce) 






DC Output 

Tone Disable = 0 


TRI-STATE® 
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Connection Diagram 


Dual-ln-Line Package 



FIGURE 2 


Order Number TP53130N 
See NS Package N18A 


0 


Functional Description 

A functional block diagram of the TP53130 is shown in 
Figure 1, and connection diagram is shown in Figure 2. 
The TP53130 can be operated in the Keyboard Interface 
Mode and can also be operated in the Binary Interface 
Mode depending on the logic level at the Key/Binary Select 
input. In either mode, the device will digitally synthesize 
the high and low band sine waves of DTMF signaling, 
when valid signals are applied to row and/or column in- 
puts. The sum of the two sine waves is then provided at the 
Tone output. 

Tone Disable: This input has an internal pull-up resistor. 
/Vhen this input is open or at logical high (Vqd), the XMT 
'W and MUTE outputs will deliver valid output signals in 
sponse to the proper input signals. When Tone Disable 
at logical low(\/ss)> the device will be in the inactive mode, 
ne output will go to an open circuit state, XMT SW and 
)TE outputs will sink current through on-chip N-channel 
/ices and the crystal oscillator will be disabled. 

//Binary Select: When this input is open or at logical 
hfVco), the device will interface akeyboard.(SeeTable I.) 
an Key/Binary Select is low (Vss), the device will accept 
iry inputs on the row signal input lines. (See Table II.) 

.oillator: Tone generation and internal timing are de- 
pendent on the accurate operation of the crystal oscil- 
lator. The oscillator inverter/amplifier and all necessary 
bias networks are included on-chip. The only external 
component is a 3.579545 MHz crystal. It should be con- 
nected to the device as shown in the typical application 
diagram (Figure 5). The oscillator is not running unless a 
valid input signal is applied to the device. The oscillator is 
also disabled when Tone Disable is tied to logic low (Vss). 
This feature will prevent RF modulation on the telephone 
line. 

Single Tone Capability: This is a desirable feature for 
initial testing. With the device operating in the Keypad 
Interface Mode, operation of multiple keys in different 
rows and columns will not generate output tones. 
However, operation of two or more keys in the same row or 
column will generate the proper tone for that row or col- 


umn. During multiple key operation, the XMT SW and 
MUTE outputs will not change state more than once. With 
the device operating in the Binary Interface Mode, a 
logical low at the column 1 input will inhibit the high band 
tone output while a logical low at the column 2 input will 
inhibit the low band tone output. (See Table I.) Logical low 
inputs on both column inp uts 1 and 2 w ill disable the 
device the same way as the Tone Disable input will when 
set to logical low. 



Mode Select: This input has an internal pull-up resistor. 
When open or at log^ical high, single tone outputs are 
allowed. When this input is at logical low, single tone out- 
puts are prohibited. XMT SW and MUTE outputs will stay 
high during a multiple key depression input. 


Tone Output: Dual-tone output frequencies are generated 
in response to valid input signals to the device. (See 
Table III.) Each frequency is synthesized with 32 steps of 
approximation for low harmonic distortion. The ampli- 
tudes of the low and high frequency tones are constant 
and independent of operating voltages. When tone out- 
puts are present, the Tone output will be the composite of 
the AC signal superimposed on a DC offset. The DC offset 
is approximately 1/2 V^d. When no tones are present at the 
Tone output pin, the pin will be open circuit. 

XMT SW (Transmitter Switch) and MUTE Outputs: In the 
idle state (no key depressed, no signal interface inputs 
and Tone Disable at a logical low) both the XMT SW and 
MUTE outputs will sink current to Vss through on-chip 
transistors. In the active state, these outputs will source 
current from Vqd whenever valid output tones are 
generated. The MUTE output activates before the XMT SW 
output as shown in Figure 3. 

Signal Inputs (Row and Column Inputs): An input scan 
technique is used so that the device can directly interface 
either 2-of-8 keypads with common switch arrangements 
or the single contact X-Y keypads when Key/Binary Select 
is open circuit. (See Figure 4.) 
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^ Functional Description (Continued) 
CO 

to P 

KEYtNPUT 


FIGURE 3. Timing Diagram of MUTE and XMT SW in 
Relation to Key Input and Tone Output 


TABLE I. FUNCTIONAL TRUTH TABLE (WITH “MODE SELECT’’ OPEN) 


Key/ Binary 
Select 

Tone 

Disable 

Row 

Column 

X 

0 

X 

X 

1 

1 

One 

One 

1 

1 

One 

Two or More 

1 

1 

Two or More 

One 

1 

1 

Two or More 

Two or More 

0 

1 

Binary 

Open 

0 

1 

Binary 

01=0 

0 

1 

Binary 

02 = 0 

0 

1 

X 

01 and 02 = 0 



XMT SW 

MUTE 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

■ o' 


TABLE II. FUNCTIONAL TRUTH TABLE FOR BINARY INTERFACE 










































Functional Description (Continued) 


TABLE III. OUTPUT FREQUENCIES 


Inputs 

Desired Freq. (Hz) 

Actual 

Frequency 

Percent 


«L fH 

(Hz) 

Deviation 

R1 

697 

699.1 

0.306 

R2 

770 

766.2 

- 0.497 

R3 

852 

847.4 

-0.536 

R4 

941 

948.0 

0.741 

Cl 

1209 

1215.9 

0.569 

C2 

1336 

1331.7 

-0.324 

C3 

1477 

1471.9 

-0.35 

C4 

1633 

1645.0 

0.736 



INTERNAL CIRCUITRY 


INTERNAL CIRCUITRY 


FIGURE 4a. Standard Dual Contact Telephone Key 
I 

I c pi-y w nj ‘ L_^ internal CIRCUITRY 


►INTERNAL CIRCUITRY 


FIGURE 4b. Single Contact Key 


Typical Application 



0 + 

TO ~ SO mF 

60 60 Voc 

vdc 


Note 1: All resistances are In ohms. 

Note 2: Test circuit used to measure signal levels and distortion. 




200 >RL>120n 

NA/2 


ADJUST FOR LEVEL 

FIGURES 
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National 

Semiconductor 


TP53190 Push-Button Pulse Dialer 


General Description 

The TP53190 is a low threshold voltage, ion implanted, met- 
al-gate CMOS integrated circuit that provides all the logic 
required to convert a push-button input into a series of puls- 
es suitable for simulating a telephone rotary dial. The circuit 
works with both calculator type keypad (single-contact) or 
standard 2-of-7 type keypad. An inexpensive ceramic reso- 
nator is used as a frequency reference. When not actually 
outpulsing, or if there are no keypad entries, the TP53190 
consumes only microamperes of current and does not allow 
any internal oscillators to run. 

The TP53190 contains a 16-digit first-in— first-out memory 
that allows the user to enter digits faster than they are out- 
pulsed. Numbers up to 16 digits may be dialed. After 16 
digits have been entered, no more entries will be accepted. 
The outpulsing rate can be externally selected as either 
10 pps or 20 pps. An interdigit pause of 4, 6, 8 or 10 times 
the dial pulse period is also externally selectable. The 
break/make ratio (ratio of the time the line is broken to the 
time the line is looped during outpulsing) is externally select- 
able to 1/1, 1.5/1, 1.6/1 or 2/1. A mute output is provided 


to mute receiver noise during outpulsing. No muting occurs 
during the inter-digit pause, thereby allowing the user to 
hear any busy or invalid condition arising during the call. The 
TP531 90 provides a pacifier tone of 632 Hz every time a key 
is depressed. The last number entered may be redialed by 
use of the # key. 

Features 

■ Powered directly from the telephone line 

■ Uses standard calculator type keypad 
or 2-of-7 type keypad 

■ Uses inexpensive ceramic resonator for 
a frequency reference 

■ Pin-selectable outpulsing rate 

■ Pin-selectable interdigit pause 

■ Pin-selectable break/make ratio 

■ 632 Hz pacifier tone 

■ Redial of last number 

■ 2 digit overwrite for PABX access 


Block and Connection Diagrams 



Dual-ln-Llne Package 



IDP SELECT I 
IDE SELECT! 


FIGURE 1 


FIGURE 2 


Order Number TP53190 
See NS Package N20A 
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Absolute Maximum Ratings Operating Voltage Range 

Voltage at Any Pin Vss~0.3 to Vdd+0.3V Vss=GND, Vdd = 2.5V min, 5.5V max 

Current into DP for Voltages Exceeding Vqd ^ 500 ;aA 

Operating Temperature Range - 30°C to -f- 70°C 

Storage Temperature Range -40°Cto -f-70°C 

Vdd-Vss 6.5V 

Lead Temperature (Soldering, 10 seconds) OOO'C 

Electrical Characteristics Vss = GND,2.5V^Vdd^5.5V. -30°C^Ta^ + 70“C unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Voltage 






Logical "1” 


Vdd-0.25 


Vdd 

V 

Logical "0” 


Vss 


Vss 0.25 

V 

Output Current Levels: 






Dial Pulse 






Logical "0”, Sink 

Vqd = 3V, Vout = 0.7V 

500 



)j.A 

Mute 






Logical "0", Sink 

Vdd = 3V, Vout=0.7V 

500 



)xA 

Tone 






Logical “1” 

Vdd = 3V, Vout = 2.75V 

4 



)iA 

Logical "O” 

Vdd = 3V, Volit = 0.25V 

4 



fiA 

Cl— C3 






Logical "1" 

Vdd = 3V, Vout = 2.75V 

1 



fiA 

Logical "0” 

Vdd= 3V, VouT — 0.25V 

18 



fxA 

Keypad Resistance 




1 

kn 

Operating Current 

> 

CO 

II 

Q 

Q 

> 






Quiescent 



1 

fA 


Oscillating 



300 

/liA 

Outpulsing Frequency 

Osc = 488 kHz 

9.5 


10.5 

Hz 

Input Leakages: 






Pins 3, 8, 9, 17, 18 

Vqp = 5.5V, V|fg = Vss 



5 

fiA 

Pins 11, 12, 13, 14 

Vdd=5.5V, V|n = Vss 



30 

^iA 

Pin 4 (Hookswitch) 

Vdd = 5.5V, V|n = Vss 



1 

jliA 

Pins 3, 8, 9,17,18 

Vdd = 5.5V, V|n = Vdd 



1 

fA 

Pins 11, 12, 13, 14 

Vdd"= 5.5V, Vifg=VoD 



1 

fiA 

Pin 4 (Hookswitch) 

Vdd=^5.5V, V|n = Vdd 



5 

fiA 

Functional Description 

Frequency stability of ±5% can be maintained for all devic- 

A block diagram of the TP53190 integrated circuit is shown 

es over the voltage and temperature ranges. When the cir- 

in Figure 1 and a package connection diagram is shown in 

cuit is not outpulsing, or no keys are depressed, the oscilla- 

Figure 2. 


tor will be shut down to eliminate noise and minimize dissi- 

Oscillator (Pins 15 and 16): The precision time base of the 

pation. 




TP53190 pulse dialer is provided by an internal oscillator 

Keypad (Pins 5-7 and 11- 

>14): Three column scan output 

circuit which utilizes an inexpensive ceramic resonator as a 

pins and four row input pins are provided to utilize a stan- 

frequency reference. Two external capacitors, as shown in 

dard single-contact keypad or 2-of-7 type keypad (Figure 4). 

Figure 3, are needed to load the resonator to operate in the 

A valid key closure is recorded when a single row (Rx input) 

anti-resonant mode. A 455 kHz series resonance ceramic 

is connected to a single column (Cx output) or when a sin- 

resonator will result in a frequency of oscillation of 480 kHz. 

gle row and a single column are brought to Vss. Key do- 

Ceramic resonators are available from Vernitron Corpora- 

sures are protected from contact bounce for 6 ms. Roll-over 

tion, Murata Corporation, and Radio Materials Company. 

keyboard inputs will be considered valid. 
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Functional Description (Continued) 

Dial Pulse Output (Pin 2): The Dial Pulse output drives an 
external bipolar transistor that sequentially opens (breaks) 
the telephone loop a number of times equal to the input digit 
selected. For example, key 5 will generate 5 loop current 
breaks. The Dial Pulse output is an open drain transistor 
that sinks current only during a break. 

Break/Make Select (Pins 8-9): The break/make ratio of 
the TP53190 can be externally selected by the 2 break/ 
make select pins to be 1/1, 1.5/1, 1.6/1 or 2/1. This allows 
applications in a wide variety of telephone systems (T able I). 
DP Rate Select (Pin 3): The dial pulse rate select input is 
used to select an outpulsing rate of either 10 pps or 20 pps 
(Table II). 

IDP Select (Pins 17 and 18): The IDP select inputs are 
used to select an interdigit separation of 400 ms, 600 ms, 
800 ms or 1000 ms when the outpulsing rate is 10 pps; and 
200 ms, 300 ms, 400 ms, or 500 ms when the outpulsing 
rate is 20 pps (Table III) 

Mute (Pin 19): The Mute output is used to drive an external 
bipolar transistor that is us ed to mute the receiver during the 
outpulse period. The Mute output is an open drain transistor 
that only sinks current while muting. System timing between 
key closure, mute and dial pulse are shown in the timing 
diagram in Figure 5. For initial key entries, and subsequent 
key entries made 1 IDP period after the last digit has been 
outpulsed, mute will occur 1 IDP period before outpulsing 
begins. 


TABLE I 


Break/Make Ratio 

B/M 

Select 1 

Select 2 

1.5/1 

0 

0 

2/1 

0 

1 

1/1 

1 

0 

1.6/1 

1 

1 


For key entries made during outpulsing, or during an IDP, 
there will be a pre-dial mute of 100 ms when the outpulsing 
rate is 10 pps, and a pre-dial mute of 50 ms when the out- 
pulsing rate is 20 pps. The post-dial mute is 50 ms when the 
outpulsing rate is 10 pps and 25 ms when the outpulsing 
rate is 20 pps. 

Tone (Pin 10): The TP53190 provides a pacifier tone output 
to provide audio feedback to the user that a key has been 
depressed. The output is a 632 Hz tone that can be capaci- 
tively coupled in to the telephone receiver. 

Redial: This feature allows the user to automatically dial the 
last number that was dialed. This is accomplished by push- 
ing the # key on the next dial attempt. The number to be 
redialed may be 3 to 16 digits long. If an access code is 
required, as in a PBX system, up to 2 digits may be entered 
before the dial tone Is established and the redial key is 
pushed to automatically dial the remainder of the number. 
To maintain memory information, power must be present to 
the part while in the ON-HOOK condition. To detect the ON- 
HOOK condition, the hookswitch input (pin 4) must be left 
floating. Hookswitch is used to reset the internal control cir- 
cuitry and memory pointers. To detect the OFF-hook condi- 
tion, hookswitch must be at a logical "1 An example of the 
redial operation is shown below. 



Key Inputs 

Outpulses 

Memory 

First Try 
Second 
Try 

Third Try 

85P4087375000 

85P# 

85P# 

854087375000 

854087375000 

854087375000 

854087375000 

854087375000 

854087375000 


Note; P Indicates a user pause 


TABLE II 


Dial Pulse 


Rate 

pps 

SELECT 

10 

0 

20 

1 


TABLE III 


Interdigital Pause 

IDP Length 

Dial Pulse Rate 

Select 1 

Select 2 

800 ms 

10 pps 

0 

0 

400 ms 

20 pps 

0 

0 

1000 ms 

10 pps 

0 

1 

500 ms 

20 pps 

0 

1 

400 ms 

10 pps 

1 

0 

200 ms 

20 pps 

1 

0 

600 ms 

10 pps 

1 

1 

300 ms 

20 pps 

1 

1 
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Functional Description (Continued) 


455 kHz Ceramic Resonator 


— OSC OSC EXTERNAL 

IN OUT COMPONENTS 


TO COUNTERS 


SINGLE CONTACT 
CLASS A KEYBOARD 


2 0F-7TYPE DTMF KEYBOARD 


C1=C2 = 80 pF 


Output Timing Waveforms 





-^IDP PERIOD — «- 
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TP53190 






TP53190 


Functional Description (Continued) 



Note 1: All resistances In ohms and capacitanc- 
es in /xF unless otherwise noted. 

Note 2: DP Rate, B/M and IDP select pins must 
be tied to the appropriate logic level for desired 
operation. 

Note 3: Diode, bridge must be added to tele- 
phone set. 




TL/H/5130-4 


FIGURE 6. Using the TP53190 Pulse Dialer with Redial Option 
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Introduction 

For data conversion products, digital-to-analog con- 
verters (DACs) and analog-to-digital converters (A/Ds), 
CMOS offers many advantages. The first is the iow-cost 
high-performance anaiog switch that is easily achieved: 
the CMOS transmission gate. These switches are useful 
in DACs and have allowed a breakthrough in the design of 
A/Ds. 


ANALOG-TO-DIGITAL CONVERTERS 

The comparator is the key to an A/D. It must be fast with a 
fraction of an LSB voltage overdrive, exhibit no hysteresis 
and no oscillations in the linear region, and have high 
noise immunity. 


A new sampled-data comparator has solved these per- 
formance problems and also provides many additional 
features— for example, true differential analog voltage in- 
puts, useful reference voltage options and even incorpora- 
tion of the analog multiplexer within the AID. 


REALIZING THE COMPARATOR FUNCTION 

To realize the comparator function. National uses a 
cascade of capacitor-coupled CMOS logic inverters and 
switches as shown in Figure 6-1. 

The differential input voltages are converted to weighted 
input charges by scaling the value used for each input 
capacitor (Cl and C2). These input charges are balanced 
at the input charge summing-node (AQ1 = A02 at balance, 
orAVI xC1=AV2xC2). 

The differential input voltage feature of the sampled-data 
comparator allows us to borrow the old, low-cost engrav- 
ing trick that is used in the manufacture of drafting scales 
{Figure 6-2). 

Most of the scale has only major divisions engraved, with 
only one section subdivided by higher resolution engrav- 
ings. This, of course, reduces the engraving costs, but re- 
quires a differential measurement to be made because 
zero is no longer at the end of the scale. This is the basic 
idea of the differential DAC (DDAC), allowing National to 
reduce the number of circuit components (and their asso- 
ciated die area) and get the same overall resolution at a 
lower cost. 



FIGURE 6-1. The Sampted-Data Comparator 



FIGURE 6-2. The Differential DAC (DDAC) Concept 
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Sharing the ladder makes use of all of the tap voltages that 
are provided by the DDAC a second time to provide four ad- 
ditional bits of resolution as shown in Figure 6-3. 

The proper reduction In the significance of these last four 
bits Is achieved by scaling down the value of the Input 
capacitor for this 4-LSB (least significant bit) group by a 
factor of sixteen. 

INCORPORATING AN ANALOG MULTIPLEXER 

An analog multiplexer (MUX) can be easily incorporated 
Into this A/D circuitry by adding extra switches, all of 
which are connected to.a common analog Input capacitor. 
Logic circuitry controls which switches are cycled, and 
therefore selects the analog channel that will be con- 
verted. Both the particular analog channel and either a 
single-ended or a differential conversion is selected by a 
configuration word that the CPU presents to the A/D prior 
to each conversion. 

A wide range of CMOS A/D products Is available from 
8 bits to 10 bits of resolution and In serial and parallel data 
formats. The lowest cost A/D Is an 8-bit serial product that 
fits in an 8-pin mlnlDIP. A half-flash 8-bit A/D that converts 
in as little as 1.2 iis is also available and a new 8-bit AID 
that allows the CPU to load the on-chIp DAC directly is pro- 
vided for limit-testing applications. 


DIGITAL-TO-ANALOG CONVERTERS 

The switches available In the CMOS processes allow the 
realization of low power drain DACs as shown in Figure 6-4. 

This multiplying DAC (MDAC) uses an R-2R resistor ladder 
and N-channel current-mode switches. Slllcon-chromium 
thin-fllm resistors are used for the ladder, so the reference 
voltage (Vref) for this DAC can be of either polarity since 
there are no parasitic diodes associated with thin-fllm 
resistors. 

These DACs appear like a memory location to a nP. 
Decoding the address bus provides the chip select (CS) 
signal and the digital code on the data bus is read by the 
MDAC when the write strobe (WR) falls. For the 10-bit and 
12-blt MDACs, package pin options are provided which 
allow the data to be accepted In one write cycle or in two 
bytes. 

A broad product offering exists, from 8 bits to 12 bits, with 
or without Input data latches. These MDACs make use of 
double data latches; one holds the code that is providing 
the analog output while the other allows 10-bit or 12-bit 
words to be assembled from an 8-bit data bus. Even the 
8-bit MDACs use double latches to allow writing new data 
to a number of DACs and then simultaneously updating all 
of these DACs. 


Sampled 

Data 

Comparator 


FIGURE 6-3. Increasing from 4 Bits to 8 Bits In an A/D 



FIGURE 6.4. The CMOS MDAC 
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National 

Semiconductor 


ADC0801, ADC0802, ADC0803, ADC0804, 
ADC0805 8-Bit /xP Compatible A/D Converters 

General Description 

The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8-bit successive approximation A/D 
converters which use a differential potentiometric ladder — 
similar to the 256R products. These converters are de- 
signed to allow operation with the NSC800 and INS8080A 
derivative control bus, and TRI-STATE® output latches di- 
rectly drive the data bus. These A/Ds appear like memory 
locations or I/O ports to the microprocessor and no inter- 
facing logic needed. 

A new differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 

Features 

■ Compatible with 8080 /xP derivatives — no interfacing 
logic needed - access time - 135 ns 
a Easy interface to all microprocessors, or operates 
‘‘stand alone" 


Typical Applications 



m Differential analog voltage inputs 
a Logic inputs and outputs meet both MOS and T2 l volt- 
age level specifications 
■ Works with 2.5V (LM336) voltage reference 
m On-chip clock generator 

a OV to 5V analog input voltage range with single 5V sup- 
ply 

a No zero adjust required 
a 0.3" standard width 20-pin DIP package 
a Operates ratiometrically or with 5 Vpc. 2.5 Vqg, or ana- 
log span adjusted voltage reference 

Key Specifications 

a Resolution 8 bits 

a Total error tVi LSB, ±y 2 LSB and ±1 LSB 

a Conversion time 100 fxs 
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Absolute Maximum Ratings (Notes i & 2) Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) (Note 3) 6.5V Temperature Range Tmin^I 

Voltage ADC0801/02LD -55 °C^Ta; 

Logic Control Inputs -0.3Vto+18V ADC0801/02/03/04LCD -40 '’C^Ta 

At Other Input and Outputs - 0.3V to (Vcc + 0.3V) ADC0801/02/03/05LCN -40'’C^Ta 

Storage Temperature Range -65°Cto + 150°C ADC0804LCN 0 °C^Ta 

Package Dissipation at Ta = 25°C 875 mW Range of Vcc 4.5VDcti 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

The following specifications apply for Vcc=5 Vqc. Tmin^Ta^Tmax and fcLK = 640 kHz unless otherwise specified. 


-0.3V to +18V 
-0.3V to (Vcc + 0.3V) 
-65°Cto +150“C 
875 mW 
ends) 300°C 


Temperature Range 
ADC0801/02LD 
ADC0801/02/03/04LCD 
ADC0801/02/03/05LCN 
ADC0804LCN 
Range of Vcc 


TmIN^Ta^TmaX 
-55'’C^Ta^+125°C 
-40°C^Ta^+85‘'C 
-40°C^Ta^+85'’C 
O'’C^Ta^+70'’C 
4.5 Vcc to 6.3 Vcc 


Parameter 

Conditions 

ADC0801: 

Total Adjusted Error 
(Note 8) 

With Full-Scale Adj. 

(See Section 2.5.2) 

ADC0802: 

Total Unadjusted Error 
(Note 8) 

Vref/2 = 2.500 Vqc 

ADC0803: 

Total Adjusted Error 
(Note 8) 

With Full-Scale Adj. 

(See Section 2.5.2) 

ADC0804; 

Total Unadjusted Error 
(Note 8) 

Vref/2 = 2.500 Vdc 

ADC0805: 

Total Unadjusted Error 
(Note 8) 

Vref/2-No Connection 

Vref/ 2 Input Resistance (Pin 9) 

ADC0801/02/03/05 

ADC0804 (Note 9) 

Analog Input Voltage Range 

(Note 4)V(-H)orV(-) 

DC Common-Mode Error 

Over Analog Input Voltage 
Range 

Power Supply Sensitivity 

Vcc =5 Vdc ±'lO%Over 
Allowed V|N(-f) and V|n(-) 
Voltage Range (Note 4) 



AC Eiectrical Characteristics 

The following specifications apply for Vcc =5 Vcc and Ta= 25'C unless otherwise specified. 


Min 


103 


Conditions 


fCLK ~ 6A0 kHz (Note 6) 


(Note 5, 6) 


Vcc=5V, (Note 5) 
(Notes) 


I^R tied to WR with 
CS = 0 Vqc, fcLK — 040 kHz 


CS=0VDc(Note7) 


Parameter 

Tc 

Conversion Time 

Tc 

Conversion Time 

^CLK 

Clock Frequency 

Clock Duty Cycle 

CR 

Conversion Rate in Free-Running 
Mode 

tW(VW)L 

Width of WR Input (Start Pulse 
Width) 

Ucc 

Access Time (Delay from 

Falling Edge of RD to Output 

Data Valid) 

tlH. fOH 

TRI-STATE Control (^lay 
from Rising Edge of RD to 

Hi-Z State) 

twi. tRI 

Delay from Falling Edge 
of WR or RD to Reset of INTR 

C|N 

Input Capacitance of Logic 

Control Inputs 

Gout 

TRI-STATE Output 

Capacitance (Data Buffers) 


Cl= 100 pF 


Cl=10pF, RL=10k 
(See TRI-STATE Test 
Circuits) 




































































































Electrical Characteristics 

The following specifications apply for Vcc= 5 Vqc and Tmin^Ta^Tmax. unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

Vin(1) 

Logical "1” Input Voltage 
(Except Pin 4 CLK IN) 

Vcc = 5.25 Vqc 

2.0 


15 

Vdc 

V|N (0) 

Logical “0” Input Voltage 
(Except Pin 4 CLK IN) 

Vcc = 4.75 Vdc 



0.8 

Vdc 

Iin(1) 

Logical "1" Input Current 
(All Inputs) 

V|N = 5 Vdc 


0.005 

1 

f^Aoc 

l|N (0) 

Logical “0" Input Current 
(All Inputs) 

V|N = o Vdc 

-1 

-0.005 


Mdc 

CLOCK IN AND CLOCK R 

Vt + 

CLK IN (Pin 4) Positive Going 
Threshold Voltage 


2.7 

3.1 

3.5 

Vdc 

Vt- 

CLK IN (Pin 4) Negative 

Going Threshold Voltage 


1.5 

1.8 

2.1 

Vdc 

Vh 

CLK IN (Pin 4) Hysteresis 
(Vt+)-(Vt-) 


0.6 

1.3 

2.0 

Vdc 

VqUT (0) 

Logical “0" CLK R Output 

lo = 360 )iA 




Vdc 


Voltage 

Vcc = 4.75 Vdc 





Vqut (1) 

Logical "1" CLK R Output 

lo= —360 /aA 

2.4 



Vdc 


Voltage 

Vcc =4.75 Vdc 





DATA OUTPUTS AND INTR 

Vqut (0) 

Logical “0" Output Voltage 

Data Outputs 

louT= 1-6 Vcc — 4.75 ^dc 



0.4 

Vdc 


INTR Output 

loUT=1-0 hflA, Vcc=4.75 Vdc 



0.4 

Vdc 

Vqut (1) 

Logical “1” Output Voltage 

lo=-360)xA.Vcc=4.75 Vdc 




Vdc 

Vqut (1) 

Logical ‘‘1 ” Output Voltage 

io= -TO p,A, Vcc =4.75 Vdc 

— 



Vdc 

louT 

TRI-STATE Disabled Output 

Vqut =0 Vdc 

-3 



pAdc 


Leakage (All Data Buffers) 

Vqut =5 Vdc 



3 

p-Adc 

■source 

Vqut Short to Gnd, Ta = 25°C 

4.5 

6 


mADC 

■sink 

Vqut Short to Vcc. Ta = 25°C 

9.0 

16 


mADC 

POWER SUPPLY 

■cc 

Supply Current (Includes 

fCLK=640kHz. 






Ladder Current) 

Vref/2 = NC.Ta= 25'>C 
and CS = “1” 

ADC080 1/02/03/05 


1.1 

1.8 

mA 



ADC0804 (Note 9) 


1.9 

2.5 

mA 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2; AN voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from Vcc to Gnd and has a typical breakdown voltage of 7 Vpc 

Note 4: For Vin( - ) i V|n( + ) the digital output coda will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct for 
analog input voitages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog 
Inputs (SV) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog Inputs near full-scale. The spec allows 50 mV forward 
bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an 
absolute 0 Vqc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance and loading. 
Note 5: Accuracy is guaranteed at fcLK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be extended 
so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to 6 clock periods may be required before the internal clock phases are proper to start the conversion process. The start 
request is internally latched, see Figure 2 and section 2.0. 

Note 7; The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 
converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams). 

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 

Note 9: For ADC0804LCD typical value of Vref/2 input resistance is 8 kn and of Ice 'S 1.1 mA. 
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Typical Performance Characteristics 


Logic Input Threshold Voltage 
vs. Supply Voltage 
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4.S0 4.75 5.00 5.25 5.50 


Delay From Falling Edge of 
RD to Output Data Valid 
vs. Load Capacitance 



0 200 400 500 too 1000 


CLK IN Schmitt Trip Levels 



4.50 4.75 5.00 5.25 5.50 


Vet -SUPPLY VOLTAGE (Vdc) 


LOAD CAPACITANCE (pF) 


Vec •-SUPPLY VOLTAGE (Vqc) 


fcLK VS. Clock Capacitor 



10 100 1000 


Full-Scale Error vs 



40 60 80 100 120 140 


Effect of Unadjusted Offset Error 
vs. Vref/ 2 Voltage 
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Output Current vs Temperature 
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Power Supply Current 
vs Temperature (Note 9) 
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Linearity Error at Low 
Vref/ 2 Voltages 



Vref/ 2 VOLTAGE (Vpc) 


TL/H/5671-2 
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TRI-STATE Test Circuits and Waveforms 



Timing Diagrams (All timing is measured from the 50% voltage points) 


START 

CONVERSION 


ACTUAL INTERNAL 
STATUS OF THE 
CONVERTER 


/ 


\ — i 


(LAST OATA WAS READ) 


fSTB 


(LAST OATA WAS NOT READ) 


tWIffBIL 


/ 


IT0 8x1/Ici.k 


\ 


-INTERNAL Tq- 


T 


-DATAISVALIOIN 
.OUTPUT LATCHES 




1/2TCLK 


Output Enable and Reset INTR 



Note; Read strobe must occur 8 clock periods (S/fcLk) attsr assertion of interrupt to guarantee reset of INTA. 


TL/H/5671-4 
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Typical Applications (Continued) 


6800 Interface Ratiometric with Full-Scale Adjust 



Note: before using caps at V|n or VnEp/2, 
see section 2.3.2 input Bypass Capacitors. 


Absolute with a 2.500V Reference Absolute with a 5V Reference 



•For low power, see also LM385-2.5 


Zero-Shift and Span Adjust: 2V ^ V|n 5V Span Adjust: OV ^ V|n ^ 3 V 



TL/H/5671-5 
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Typical Applications (Continued) 


Directly Converting a Low-Level Signal A fxP Interfaced Comparator 



1 mV Resolution with fxP Controlled Range 



Digitizing a Current Flow 



TL/H/5671-6 
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Typical Applications (Continued) 



IF MORE THAN UOOITIONAl 
A/Oi. USE A CMOS SUFFER (NOT T^l) 


External Clocking 


sv 



100 kHz SfcLK^ 1460 kHz 


Self-Clocking In Free-Running Mode 



•After power-up, a momentary grounding 
of the WR input is needed to guarantee operation. 



READY 

ITDpF) 


Operating with “Automotive” Ratiometric Transducers 

Vcc 

isvoci 



Ratiometric with Vref/ 2 Forced 

''cc 

(SVqc) 
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Typical Applications (Continued) 


/xP Compatible Differential-Input Comparator with Pre-Set Vqs (with or without Hysteresis) 



*See Figure 5 to select R value 
DB7 = •• 1” for V|n( + ) > V|n( - ) + (Vref/ 2) 
Omit circuitry within the dotted area if 
hysteresis is not needed 


Handling ± 10V Analog Inputs Low-Cost, ;xP Interfaced, Temperature-to-DIgItal Converter 



•Beckman Instruments #694-3-R10K resistor array 
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ilk I 2;k 
AAAr^-AAAr 

0.22 (if; 


fc = 20 Hz 

Uses Chebyshev implementation for steeper roll-off 
unity-gain, 2nd order, low-pass filter 
Adding a separate filter for each channel increases 
system response time if an analog multiplexer 
Is used 



V|nW 

4 

CHANNEL 


DIFFERENTIAL 

A/0 

MUX 


CD40$2 



V|N(-) 


Output Buffers with A/D Data Enabled 


Increasing Bus Drive and/or Reducing Time on Bus 


I 




*A/D output data is updated 1 CLK period 
prior to assertion of INTR 


’Allows output data to set-up at falling edge of CS 
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Typical Applications (Continued) 


Sampling an AC Input Signal 



Note 1: Oversample whenever possible [keep fs > 2f(-60)] to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 

Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 


70% Power Savings by Clock Gating 



TO A/0 


(Complete shutdown takes 30 seconds.) 


Power Savings by A/D and Shutdown 



*Use ADC0801, 02, 03 or 05 for lowest power consumption. 

Note; Logic inputs can be driven to Vcc with A/D supply at zero volts. 

Buffer prevents data bus from overdriving output of A/D when in shutdown mode. 


TL/H/5671-11 
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1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase waveform) is 
shown in Figure la. The horizontal scale is analog input 
voltage and the particular points labeled are in steps of 1 
LSB (19.53 mV with 2.5V tied to the Vref/ 2 pin). The digital 
output codes which correspond to these inputs are shown 
as D— 1, D, and D+1. For the perfect A/D, not only will 
center-value (A-1, A. A+1, . . . . ) analog inputs produce 
the correct output ditigal codes, but also each riser (the 
transitions between adjacent output codes) will be located 
± Vi LSB away from each center-value. As shown, the ris- 
ers are ideal and have no width. Correct digital output codes 
will be provided for a range of analog input voltages which 
extend ± 1/2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the same 
digital output code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADC0801. 
All center-valued inputs are guaranteed to produce the cor- 
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ± % LSB. In 
other words, if we apply an analog input equal to the center- 

Transfer Function 


value ± Vi LSB, we guarantee that the A/D will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and it 
is guaranteed to be no more than 1/2 LSB. 

The error curve of Figure 1c shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the A/D will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the A/D 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con- 
tinuously displayed and includes the quantization uncertain- 
ty of the A/D. For example the error at point 1 of Figure la 
is + V 2 LSB because the digital code appeared Vi LSB in 
advance of the center-value of the tread. The error plots 
always have a constant negative slope and the abrupt up- 
side steps are always 1 LSB in magnitude. 


Error Plot 



ANALOG INPUT (V|kI 


Transfer Function 


a) Accuracy = ±0 LSB A Perfect A/D 


ANALOG INPUT IVinI 



A-1 A A*1 
ANALOG INPUT IVfNi 


Transfer Function 


b) Accuracy = ±% LSB 



A-1 A At1 
ANALOG INPUT 


I T « 


ANALOG INPUT 



ANALOG INPUT (V|n) 


c) Accuracy = ±y 2 LSB 

FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of the 
256R network. Analog switches are sequenced by succes- 
sive approximation logic to match the analog difference in- 
put voltage [V||si(-f) - V|n(-)] to a corresponding tap on 
the R network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is tran sferre d to an output 
latch and then an interrupt is asserted (INTR makes a high- 
to-low transition). A conversion in process can be interrupt- 
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS=0. To insure start-up under all possi- 
ble conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-to-low transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these inputs makes a iow-to- 
high transition. 


A functional diagram of the A/D converter is shown in Fig- 
ure 2. All of the package pinouts are shown and the major 
. logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a "1” to the D flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this “1” to the Q output of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 8-bit shift register then can have the “1” 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be at a “1 ” leyel) and the 8-bit shift register would continue 
to bejield in U^reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F/F. 


CIKIN 

“ X^IKOSC I " 



Note 1: C5 shown twice for clarity. 

Note 2: SAR = Successive Approximation Register. 


FIGURE 2. Block Diagram 
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After the "I” is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the input to 
the D-type latch, LATCH 1. As soon as this "1" is output 
from the shift register, the AND gate, G2, causes the new 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-low transition which cause s the INTR F/F 
to set. An inverting buffer then supplies the INTR input sig- 
nal. 

Note that this SET control of the INTR F/F remains low for 
8 of the external clock periods (as the internal clocks run at 
Va of the frequency of the external clock). If the data output 
is co ntinuously enabled (CS and MD both held low), the 
INTR output will still signal the end o f conversion (by a high- 
to-low transition), because the SET input can control the Q 
output of the INTR F/F even though the RESET in put is 
constantly at a "1" level in this operating mode. This I NTR 
output will therefore stay low for the duration of the SET 
signal, which is 8 periods of the external clock frequency 
(assuming the A/D is not started during this interval). 

When opera ting i n the free-running or continuous conver- 
sion mode (INTR pin tied to WR and CS wired low— see 
also section 2.8 ), the START F/F is SET by the high-to-low 
transition of the INTR signal. This resets the SHIFT REGIS- 
TER which causes the input to the D-type latch, LATCH 1, 
to go low. As the latch enable input is still present, the S 
output will go high, which then allows the INT R F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a few propagation delays (approximately 300 
ns). 

When data is to be read, the combination of both and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled to provide the 8- 
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (C§, RD, and WR) meet standard 
T^L logic voltage levels. These signals have been renamed 
when compared to the standard A/D Start and Output En- 
able labels. In addition, these inputs are active low to allow 
an easy interface to microprocessor control busses. For 
non-microprocessor based applications, the ^ input (pin 1) 
can be grounded and the standard A/D Start function is 
obtained by an active low pulse applied at the WR input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D has additional applications flexibility due to the 
analog differential voltage input. The V|n(-) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4 mA-20 mA currant loop conversion. In addition, common- 
mode noise can be reduced by use of the differential input. 
The time interval between sampling V|N(-t-) and V|n(-) is 4- 
Va clock periods. The maximum error voltage due to this 


slight time difference between the input voltage samples is 
given by: 

AVe(MAX) = (Vp) (27rfcm) (^). 


AVe is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
fcm is the common-mode frequency 
As an example, to keep this error to % LSB (~ 5 mV) when 
operating with a 60 Hz common-mode frequency, fcm, and 
using a 640 kHz A/D clock, fcLK> would allow a peak value 
of the common-mode voltage, Vp, which is given by; 

w _ [AVe(MAX) (^CLk)I 
^ (277fcm) (4.5) 

or 

^ (5 X 10-3) (640X103) 

^ (6.28) (60) (4.5) 

which gives 
Vpal.OV. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise lev- 
els. 

An analog input voltage with a reduced span and a relatively 
large zero offset can be easily handled by making use of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 
2.3.1 Input Current 
Normal Mode 

Due to the internal switching action, displacement currents 
will flow at the analog inputs. This is due to on-chip stray 
capacitance to ground as shown in Figure 3. 


> > 




fON Of SW 1 and SW 2 » 5 kn 
r^roN CsTRAY “ 5 kn X 12 pF = 60 ns 

FIGURE 3. Analog Input Impedance 
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The voltage on this capacitance is switched and will result in 
currents entering the V|n(+) input pin and leaving the 
V|n{-) input which will depend on the analog differential 
input voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 

Fault Mode 

If the voltage source which is applied to the V|n(-)-) pin 
exceeds the allowed operating range of Vcc + 50 mV, large 
input currents can flow through a parasitic diode to the Vcc 
pin. If these currents could exceed the 1 mA max allowed 
spec, an external diode (1N914) should be added to bypass 
this current to the Vcc pin (with the current bypassed with 
this diode, the voltage at the V||m(+) pin can exceed the 
Vcc voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist- 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the V|N(-f ) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the V|n(-I-) input at 5V, this 
DC current is at a maximum of approximately 5 fiA. There- 
fore, bypass capacitors should not be used at the analog 
inputs or the VFj£p/2 pin for high resistance sources (> 1 
kft). If input bypass capacitors are necessary for noise filter- 
ing and high source resistance is desirable to minimize ca- 
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the Input current, can be eliminated with a full-scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func- 
tion of the differential input voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor 1 kfl) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica- 
tions, 1 kfl), a 0.1 juF bypass capacitor at the inputs will 
prevent pickup due to series lead inductance of a long wire. 
A lOOn series resistor can be used to isolate this capaci- 
tor — both the R and C are placed outside the feedback 
loop — from the output of an op amp, if used. 


The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kn. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in- 
puts to ground, will eliminate system noise pickup but can 
create analog scale errors as these capacitors will average 
the transient input switching currents of the A/D (see sec- 
tion 2.3.1.). This scale error depends on both a large source 


resistance and the use of an input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the A/D (adjust Vref/ 2 for a proper full-scale reading— see 
section 2.5.2 on Full-Scale Adjustment) with the source re- 
sistance and input bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these A/Ds have been 
designed to accommodate a 5 Vdc. 2.5 Vqc or an adjusted 
voltage reference. This has been achieved in the design of 
the 1C as shown in Figure 4. 



FIGURE 4, The Vreference Design on the 1C 

Notice that the reference voltage for the 1C is either Yz of 
the voltage which is applied to the Vcc supply pin, or is 
equal to the voltage which is externally forced at the Vref/ 
2 pin. This allows for a ratiometric voltage reference using 
the Vcc supply, a 5 Vqc reference voltage can be used for 
the Vcc supply or a voltage less than 2.5 Vqc can be ap- 
plied to the Vref/ 2 input for increased application flexibility. 
The internal gain to the Vref/ 2 input is 2 making the full- 
sdale differential input voltage twice the voltage at pin 9. 

An example of the use of an adjusted reference voltage is to 
accommodate a reduced span — or dynamic voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Vqc to 3.5 Vqc, instead of OV to 5 Vqc, 
the span would be 3V as shown in Figure 5. With 0.5 Vqc 
applied to the V|n(-) pin to absorb the offset, the reference 
voltage can be made equal to Vz of the 3V span or 1 .5 Vqc- 
The A/D now will encode the V|n( + ) signal from 0.5V to 3.5 
V with the 0.5V input corresponding to zero and the 3.5 Vqc 
input corresponding to full-scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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•Add if Vref/2 s: 1 Vdc with LM358 
to draw 3 mA to ground. 


A/0 u /iLL 
VREf/Jn" 


^''r VinMMAX 
4 V 13.5V) 


ZEBO^SHIET T - T SPAN*”^ *■"*’** > t'f 

AOJ T ADJ I 


a) Analog Input Signal Example 


b) Accommodating an Analog Input from 
0.5V (Digital Out = OOhex) to 3.5V 
(Digital Out = FFHEx) 


FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range 


2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absolute mode. In ratiometric converter applications, the 
magnitude of the reference voltage is a factor in both the 
output of the source transducer and the output of the A/D 
converter and therefore cancels out in the final digital output 
code. The ADC0805 is specified particularly for use in ra- 
tiometric applications with no adjustments required. In abso- 
lute conversion applications, both the initial value and the 
temperature stability of the reference voltage are important 
accuracy factors in the operation of the A/D converter. For 
Vref/ 2 voltages of 2.4 Vdc nominal value, initial errors of 
±10 mVpc will cause conversion errors of ±1 LSB due to 
the gain of 2 of the Vfief/ 2 input. In reduced span applica- 
tions, the initial value and the stability of the Vref/ 2 input 
voltage become even more important. For example, if the 
span is reduced to 2.5V, the analog input LSB voltage value 
is correspondingly reduced from 20 mV (5V span) to 10 mV 
and 1 LSB at the Vfief/ 2 input becomes 5 mV. As can be 
seen, this reduces the allowed initial tolerance of the refer- 
ence voltage and requires correspondingly less absolute 
change with temperature variations. Note that spans smaller 
than 2.5V place even tighter requirements on the initial ac- 
curacy and stability of the reference source. 

In general, the magnitude of the reference voltage will re- 
quire an initial adjustment. Errors due to an improper value 
of reference voltage appear as full-scale errors in the A/D 
transfer function! 1C voltage regulators may be used for ref- 
erences it the ambient temperature changes are not exces- 
sive. The LM336B 2.5V 1C reference diode (from National 
Semiconductor) is available which has a temperature stabili- 
ty of 1.8 mV typ (6 mV max) over O’CiiTA^ +70°C. Other 
temperature range parts are also available. 


2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(min). is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the A/D V|n(-) input at this Vin(min) value (see 
Applications section). This utilizes the differential mode op- 
eration of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V (-) input and applying a small 
magnitude positive voltage to the V ( + ) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal Vi LSB value 
(Vi LSB = 9.8 mV for Vref/2 = 2.500 Vdc)- 

2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vi LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref/ 2 input (pin 9 or the Vcc'supply if pin 9 is 
not used) for a digital output code which is just changing 
from 1111 1110 to 1111 1111. • 
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground) this new zero reference 
should be properly adjusted first. A V|n(+) voltage which 
equals this desired zero reference plus Vi LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana- 
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should, then be adjusted to just obtain the 
OOhex to 01 HEX code transition. 

The full-scale adjustment should then be made (with the 
proper V|n(-) voltage applied) by forcing a voltage to the 
V|n(+) input which is given by: 

V,„(4.),sacl|.V„«-1.5[te^]. 


VwAX^The high end of the analog input range 
and 

Vmin = Ihs low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vrep/ 2 (or Vcc) voltage is then adjusted to provide a 
code change from FErex 1o FFrex- This completes the ad- 
justment procedure. 

2.6 Clocking Option 

The clock for the A/D can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
CLK IN (pin 4) makes use of a Schmitt trigger as shown in 
Figure 6. 


1.1 RC 
Reio kn 


FIGURE 6. Self-Clocking the A/D 

Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less than 50 pF, such as driving up to 7 A/D convert- 
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
T2 l buffer or PNP input logic should be used to minimize the 
loading on the clock R pin (do not use a standard T2L buff- 
er). 

2.7 Restart During a Conversion 

If the A/D Is restarted (CS and WR go low and return high) 
during a conversion, the converter is reset and a new con- 
version is started. The output data latch is not updated if the 
conversion in process is not allowed to be completed, there- 
fore the d ata o f the previous conversion remains in this 
latch. The INTR output also simple remains at the “1” level. 



2.8 Continuous Conversions 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to insure circuit opera- 
tion. In this application, the C S input is grounded an d the 
WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
power-up cycle to guarantee operation. 

.2.9 Driving the Data Bus 

This MOS A/D, like MOS microprocessors and memories, 
will require a bus driver when the total capacitance of the 
data bus gets large. Other circuitry, which is tied to the data 
bus, will add to the total capacitive loading, even ih TRI- 
STATE (high impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 
There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see typical 
characteristics curves). 

At higher CPU clock frequencies time can be extended for 
I/O reads (and/or writes) by inserting wait states (8080) or 
using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, exter- 
nal bus drivers must be used. These can be TRI-STATE 
buffers (low power Schottky is recommended such as the 
DM74LS240 series) or special higher drive current products 
which are designed as bus drivers. High current bipolar bus 
drivers with PNP inputs are recommended. 

2.10 Power Supplies 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vcc Pin and values of 1 p.F or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- 
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the Vcc supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory for 
breadboarding this A/D converter. Sockets on PC boards 
can be used and all logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applications. 
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A single point analog ground should be used which is sepa- 
rate from the logic ground points. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to digital ground. Any Vref/ 2 bypass ca- 
pacitors, analog input filter capacitors, or input signal shield- 
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the A/D 
converter. Zero errors in excess of Vi LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with test- 
ing an A/D converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEDs 
to display the resulting digital output code as shown in Fig- 
ure 7. 

For ease of testing, the Vfief/ 2 (pin 9) should be supplied 
with 2.560 Vqc and a Vcc supply voltage of 5.12 Vqc 
should be used. This provides an LSB value of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Vqc (5.120-1 Vi LSB) should be applied to 
the Vin( + ) pin with the V|n(-) pin grounded. The value of 
the Vref/ 2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1 1 1 0 to 1 1 1 1 
1111. This value of Vref/ 2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
decoded voltages which are obtained from the column: In- 
put voltage value for a 2.560 Vref/ 2 of both the MS and the 
LS groups, the value of the digital display can be deter- 
mined. For example, for an output LED display of 1011 0110 



or B6 (in hex), the voltage values from the table are 3.520 -I- 
0.120 or 3.640 Vdc- These voltage values represent the 
center-values of a perfect A/D converter. The effects of 
quantization error have to be accounted for in the interpreta- 
tion of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digital-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the A/D. Errors of the A/D under test can be 
provided as either analog voltages or differences in 2 ditigal 
words. 

A basic A/D tester which uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be elminated if a lab DVM with a numerical sub- 
traction feature is available to directly readout the difference 
voltage, “A-C”. The analog input voltage can be supplied 
by a low frequency ramp generator and an X-Y plotter can 
be used to provide analog error (Y axis) versus analog input 
(X axis). The construction details of a tester of this type are 
provided in the NSC application note AN-179, “Analog-to- 
Digital Converter Testing". 

For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 1 0-bit DAC is 
incremented. This provides % LSB steps for the 8-bit A/D 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB’s) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 microproces- 
sors, a common sample subroutine structure is used. The 
microprocessor starts the A/D, reads and stores the results 
of 16 successive conversions, then returns to the user’s 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro- 
vided separately for each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives (8048, 
8085) 

This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor. The A/D can be 
mapped into mem^ space ( using s tand ard mem ory ad- 
dress decoding for CS and the MEMR and MEMW st robes) 
or it can be controlled as an I/O device by using the I/O R 
and I/O W strobes and decoding the address bits AO — > 
A7 (or address bits A8 — > A15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us- 
ing the I/O space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi- 
tional memory reference instructions, the A/D should be 
mapped into memory space. An example of an A/D in I/O 
space is shown in Figure 10. 


(I) NSLS027 
(» 


FIGURE 7. Basic A/D Tester 
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FIGURE 8. A/D Tester with Analog Error Output 


DIGITAL 

INPUT 
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FIGURE 9. Basic “Digital” A/D Tester 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 


HEX 

BINARY 

FRACTIONAL BINARY VALUE FOR 

OUTPUT VOLTAGE 
CENTER VALUES 

WITH 

Vref/2 = 2.560 Vdc 

MS GROUP 

LS GROUP 

VMS GROUP* 

VLS GROUP* 

F 

1111 

15/16 

15/256 

4.800 

0.300 

E 

1110 

7/8 

7/128 

4.480 

0.280 

D 

110 1 

i:yi6 

13/256 

4.160 

0.260 

C 

110 0 

q/4 

3/64 

3.840 

0.240 

B 

10 11 

11/16 

11/256 

3.520 

0.220 

A 

10 10 

5/8 

5/128 

3.200 

0.200 

9 

10 0 1 

9/16 

9/256 

2/880 

0.180 

8 

10 0 0 

1/2 

1/32 

2/560 

0.160 

7 

0 1 11 

7/16 

7/256 

, 2.240 

0.140 

6 

0 110 

3/8 

3/128 

1.920 

0.120 

5 

0 10 1 

5/16 

2/256 

1.600 

0.100 

4 

0 10 0 

1/4 

1/64 

1/280 

0.080 

3 

0 0 11 

3/16 

3/256 

0.960 

0.060 

2 

0 0 10 

1/8 

1/128 

0.640 


1 

0 0 0 1 

1/16 

1/256 

0.320 

0.020 

0 

0 0 0 0 



0 

0 


•Display Output = VMS Group + VLS Group 
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Note 1: *Pin numbers for the INS8228 system controller, others are INS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 kfl resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801-INS8080ACPU Interface 



SAMPLE PROGRAM FOR 

FIGURE ADC0801-INS8080A CPU INTERFACE 

0038 

C3 00 03 

RST 7; 

JMP LD DATA 


• 

• 

• 



• 

• 

• 



0100 

21 00 02 

START ; 

LXI H 0200H 

; HL pair will point to 
; data storage locations 

0103 

31 00 04 

RETURN; 

LXI SP 0400H 

; Initialize stack pointer (Note 1) 

0106 

7D 


MOV A, L 

; Test # of bytes entered 

0107 

FE OF 


CPI OFH 

; If # = 16. JMP to 

0109 

CA 13 01 


JZ CONT 

; user program 

OlOC 

D3E0 


OUT EO H 

; Start A/D 

OlOE 

FB 


El 

; Enable Interrupt 

OlOF 

00 

LOOP: 

NOP 

; Loop until end of 

0110 

C3 0F01 


JMP LOOP 

; conversion 

0113 

• 

• 

• 

• 

• 

• 

• 

CONT; 

e 

(User program to 
process riata) 

• 

• 

• 

• 

• 

• 


• 

0300 

• 

DB EO 

• 

LD DATA : 

• 

INEOH 

; Load data Into accumulator 

0302 

77 


MOVM, A 

; Store data 

0303 

23 


INXH 

; Increment storage pointer 

0304 

C3 03 01 


JMP RETURN 



Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All address used were arbitrarily chosen. 
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The standard control bus signals of the 8080 CS, RD and 
WR) can be directly wired to the digital control inputs of the 
A/D and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be used for larger microprocessor 
systerris where the data bus leaves the PC board and/or 
must drive capacitive loads larger than 1 00 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip set (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the A/D is 
controlled as an I/O device, specifically an 8-bit bi-direction- 
al port located at an arbitrarily chosen port address, EO. The 
TRI-STATE output capability of the A/D eliminates the need 
for a peripheral interface device, however address decoding 
is still required to generate the appropriate CS for the con- 
verter. 


Vcc 

D60 


OBI 


DB2 


DB3 


DB4 


DBS 


0B6 

INS8MI 

OB7 




ffff 


ffiT 


pta 

Vss 



It is important to note that in systems where the A/D con- 
verter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address bits 
(AO to A7) can be directly used as CS inputs — one for each 
I/O device. 

4.1.2 INS8048 Interface 

The INS8048 interface technique with the ADC0801 series 
(see Figure 11) is simpler than the 8080A CPU interface. 
There are 24 I/O lines and three test input lines in the 8048. 
With these extra I/O lines available, one of the I/O lines (bit 
0 of port 1) is used as the chip select signal to the A/D, thus 
eliminating the use of an external address decoder. Bus 
control signals RD, WR and INT of the 8048 are tied directly 
to the A/D. The 16 converted data words are stored at on- 
chip RAM locations from 20 to 2F (Hex). The ^ and WR 
signals are generated by reading from and writing into a 
dummy address, respectively. A sample interface program 
is shown below. 


m 

DBO 

Vcc 

DB1 


DB2 


0B3 


DB4 


DBS 


066 


DB7 ADC0601 

RD 

CIKR 


CLKIN 

IMTR 


CS 

AGND 

VinW 

DGND 

ViNt-) 



FIGURE 11. INS8048 Interface 


SAMPLE PROGRAM FOR FIGURE // INS8048 INTERFACE 


04 10 


JMP 

lOH 

Program starts at addr 10 



ORG 

3H 


04 50 


JMP 

50H 

Interrupt jump vector 



ORG 

lOH 

Main program 

99 FE 


ANL 

PI, #0FEH 

Chip select 

81 


MOVX 

A, §R1 

Read in the 1st data 





to reset the intr 

89 01 

START : 

ORL 

PI, #1 

Set port pin high 

B8 20 


MOV 

R0,#20H 

Data address 

B9 FF 


MOV 

Rl, #0FFH 

Dummy address 

BA 10 


MOV 

R2, #10H 

Counter for 16 bytes 

23 FF 

AGAIN: . 

MOV 

A, #0FFH 

Set ACC for intr loop 

99 FE 


ANL 

PI , #0FEH 

Send CS (bit 0 of PI) 

91 


MOVX 

@R1, A 

Send WR out 

05 


EN 

I 

Enable interrupt 

96 21 

LOOP; 

JNZ 

LOOP 

Wait for interrupt 

EA IB 


DJNZ 

R2, AGAIN 

If 16 bytes are read 

00 


NOP 


go to user's program 

00 

- 

NOP 





ORG 

50H 


81 

INDATA ; 

MOVX 

A, @R1 

Input data, CS still low 

AO 


MOV 

@R0, A 

Store in memory 

18 


INC 

RO 

Increment storage counter 

89 01 


ORL 

PI, #1 

Reset CS signal 

27 


CLR 

A 

Clear ACC to get out of 

93 


RETR 


the interrupt loop 
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SAMPLE PROGRAM FOR FIGURE 12— INS8073 INTERFACE 



100 C = 16 

110 D = #13D0 

120 @#3000 = A 

130 A=STATAND#20 

140 IFA <> OTHENGO TO 130 

150 @D = @#3000 

160 D = D + 1 

170 C = C-1 

180 IF C> 0 THEN GO TO 120 
190 RETURN 


REM C is the 16 bytes counter 
REM D points to data address 
REM start A/D 
REM wait until interrupt 
REM from A/D 

REM input converted data 
REM increment data address 
REM check counter 
REM if 16 data have been read 
REM return to main program 


TL/H/5671-22 


FIGURE 12. INS8073 Interface 


4.1.3 INS8073 Interface 

The INS8073 allows users to program directly in Tiny Basic. 
DS1 488/ 1489 driver/ receiver chips are used for level buff- 
ering to communicate via RS-232. (For a detailed descrip- 
tion of the INS8073 and the Tiny Basic, see INS8073 data 
sheet.) The ADC0801 is mapped into the memory space of 
the 8073 system (see Figure 12). A RAM of 1 k bytes is 
provided in which the first 256 bytes are used by the Tiny 
Basic micro-interpreter. Address 3000 (Hex) is assigned to 
the A/D and the 16 converted data bytes are stored at ex- 
ternal RAM locations from 13D0 to 13DF (Hex). STAT func- 
tion is used to examine the interrupt signal from the A/D. A 
sample Tiny Basic subroutine is given in the sample pro- 
gram for Figure 12 — INS8073 Interface. 

4.2 Interfacing the Z*80 

The Z-80 control bus is^ightly different from that of the 
8080. General RD and WR strobes are provided and sepa- 
rate memory request, MREQ, and I/O request, lORQ, sig- 
nals are used which have to be combined with the general- 
ized strobes to provide the equivalent 8080 signals. An ad- 
vantage of operating the A/D in I/O space with the Z-80 is 
that the CPU will automatically insert one wait state (the RD 
and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
A/D in I/O space is shown in Figure 13. 







A/O 

rv^ 


MM74C32 



TL/H/5671-23 

FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 


4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control busjor the 680 0 microprocessor derivatives 
doe not use the ^D and WR strobe signals. Instead it em- 
ploys a single R/W line and additional timing, if needed, can 
be derived fom the <f)2 clock. All I/O devices are memory 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 14 shows 
an interface schematic where the A/D is memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using y 2 DM80^ Note that in many 6800 systems, an al- 
ready decoded ^5 line is brought out to ^ common bus at 
pin 21. This can be tied directly to the CS pin of the A/D, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 

The following subroutine essentially performs the same 
function as in the case of the 8080A interface and it can be 
called from anywhere in the user’s program. 

In Figure 15 the ADC0801 series is interfaced to the M6800 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or MC6821 Peripheral Interface Adapter, (PIA). 
Here the CS pin of the A/D is grounded since the PIA is 
already memory mapped in the M6800 system and no CS 
decoding is necessary. Also notice that the A/D output data 
lines are connected to the microprocessor bus under pro- 
gram control through the PIA and therefore the A/D RD pin 
can be grounded. 

A sample interface program equivalent to the previous one, 
is shown below Figure 15. The PIA Data and Control Regis- 
ters of Port B are located at HEX addresses 8006 and 8007, 
respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses for 
the A/D. The fact that one particular microprocessor is used 


Additional I/O advantages exist as software DMA routines meant to be restrictive. Each of these application cir- 

are available and use can be made of the output data trans- cults would have Its counterpart using any microprocessor 

fer which exists on the upper 8 address lines (A8 to A15) which is desired, 

during I/O input instructions. For example, MUX channel 
selection for the A/D can be accomplished with this operat- 
ing mode. 
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5.1 Multiple ADC0801 Series to MC6800 CPU Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme pre- 
sents several advantages over the conventional multiplexer 
single-converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for 


each channel. Furthermore, all analog input channels are 
sensed simultaneously, which essentially divides the micro- 
processor’s total system servicing time by the number of 
channels, since all conversions occur simultaneously. This 
scheme is shown in Figure 16. 

-♦ TBir (4)*|D|*» 


•4 R/» (34) I6I 



<4 A14 124) [H] 
4 AtS (25) (33) 
VMA (5) IF) 


Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Number or letters in brackets refer to standard M6800 system common bus code. 

FIGURE 14. ADC0801-MC6800 CPU Interface 


X 


GND (I)[ RX? I 
41 42 431 
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SAMPLE PROGRAM FOR FIGURE ADC0801-MC6800 CPU INTERFACE 

0010 

DF36 

DATAIN 

STX 

TEMP2 

; Save contents of X 

0012 

CE 00 2C 


LDX 

#$002C 

; Upon IRQ low CPU 

0015 

FF FF F8 


STX 

$FFF8 

; Jumps to 002C 

0018 

B7 50 00 


STAA 

15000 

; Start ADC0801 

OOIB 

OE 


CLI 



OOlC 

3E 

CONVRT 

WAI 


; Wait for interrupt 

OOID 

DE 34 


LDX 

TEMPI 


OOIF 

8C02 OF 


CPX 

#$020F 

; Is final data stored? 

0022 

27 14 


BEQ 

ENDP 


0024 

B7 50 00 


STAA 

$5000 

; Restarts ADC0801 

0027 

08 


INX 



0028 

DF 34 


STX 

TEMPI 


002A 

20 FO 


BRA 

CONVRT 


002C 

DE 34 

INTRPT 

LDX 

TEMPI 


002E 

B6 50 00 


LDAA 

$5000 

; Read data 

0031 

A7 00 


STAA 


; Store it at X 

0033 . 

3B 


RTI 

■ tw 


0034 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 
; data storage 

0036 

00 00 

TEMP2 

FDB 

$0000 


0038 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

003B 

DF 34 


STX 

TEMPI 


003D 

DE36 


LDX 

TEMP2 


003F 

39 


RTS 


; Return from subroutin 


; To user's program 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program. 
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SAMPLE PROGRAM FOR FIGURE /5ADC0801-MC6820 PIA INTERFACE 


0010 

CE 00 38 

DATAIN 

LDX 

#$0038 

; Upon IRQ low CPU 

0013 

FF FF F8 


SIX 

$FFF8 

; jumps to 0038 

0016 

B6 80 06 


LDAA 

PIAORB 

; Clear possible IRQ f lagi 

0019 

4F 


CLRA 



OOIA 

B7a0 07 


STAA 

PIACRB 


OOID 

B7 80 06 


STAA 

PIAORB 

; Set Port B as input 

0020 

OE 


CLI 



0021 

C6 34 


LDAB 

#$34 


0023 

86 3D 


LDAA 

#$3D 


0025 

F7 80.07 

CONVRT 

STAB 

PIACRB 

; Starts ADC0801 

0028 

B7 80 07 

, 

STAA 

PIACRB 


002B 

3E 


WAI 


; Wait for interrupt 

002C 

DE 40 


LDX 

TEMPI 


002E 

8C 02 OF 


CPX 

#$020F 

; Is final data stored? 

0031 

27 OF 


BEQ 

ENDP 


0033 

08 


INX 


' / 

0034 

DF 40 


STX 

TEMPI 


0036 

20 ED 


BRA 

CONVRT 


0038 

DE 40 

INTRPT 

LDX 

TEMPI 


003A 

B6 80 06 


LDAA 

PIAORB 

; Read data in 

003D 

A7 00 


STAA 

X 

; Store it at X 

003F 

3B 


RTI 



0040 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 






; data storage 

0042 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

0045 

DF 40 


STX 

TEMPI 


0047 

39 


RTS , 


; Return from subroutine 



PIAORB 

EQU 

$8006 

; To user ' s program 



PIACRB 

EQU 

$8007 
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The following schematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 ADC0801’s directly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitrarily) located at HEX address 5000 in 
the MC6800 memory space. To save components, the 
clock signal is derived from just one RC pair on the first 
converter. This output drives the other A/Ds. 

All the converters are started simultaneously with a STORE 
instruction at HEX address 5000. Note that any other HEX 
address of the form 5XXX will be decoded by the circuit, 
pulling ail the CS inputs low. This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all A/Ds have 
completed their conversion before the microprocessor is in- 
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user’s program. Once called, this routine initializes the 


CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
converters (from HEX addresses 5000 through 5007) and 
stores the data successively at (arbitrarily chosen) HEX ad- 
dresses 0200 to 0207, before returning to the user’s pro- 
gram. All CPU registers then recover the original data they 
had before servicing DATA IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and A/D Converter 

The differential inputs of the ADC0801 series eliminate the 
need to perform a differential to single ended conversion for 
a differential transducer. Thus, one op amp can be eliminat- 
ed since the differential to single ended conversion is pro- 
vided by the differential input of the ADC0801 series. In gen- 
eral, a transducer preamp is required to take advantage of 
the full A/D converter input dynamic range. 



I 

^ Ul«43j 


Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Numbers of letters in brackets refer to standard M6800 system common bus code. 


FIGURE 16. Interfacing Multiple A/Ds In an MC6800 System 


6-30 





SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 


COMMENTS 

0010 

DF 44 

DATAIN 

STX 

TEMP 

; Save Contents of X 

0012 

CE 00 2A 


LDX 

?iiS002A 

; Upon IRQ LOW CPU 

0015 

FF FF F8 


STX 

$FFF8 

; Jumps to 002A 

0018 

B7 50 00 


STAA 

85000 

; Starts all A/D's 

OOIB 

OE 


CLI 



OOlC 

3E 


WAI 


; Wait for interrupt 

OOID 

CE 50 00 


LDX 

#85000 


0020 

DF 40 


STX 

INDEXl 

; Reset both INDEX 

0022 

CE 02 00 


LDX 

#80200 

; 1 and 2 to starting 

0025 

DF 42 


STX 

INDEX2 

; addresses 

0027 

DE44 


LDX 

TEMP 


0029 

39 


RTS 


; Return from subroutine 

002A 

DE 40 

INTRPT 

LDX 

INDEXl 

; INDEXl X 

002C 

A6 00 


LDAA 

X 

; Read data in from A/D at X 

002E 

08 


INX 


; Increment X by one 

002F 

DF 40 


STX 

INDEXl 

;X -♦ INDEXl 

0031 

DE 42 


LDX 

INDEX2 

; INDEX2 -> X 

0033 

A7 00 


STAA 

X 

; Store data at X 

0035 

8C 02 07 


CPX 

#80207 

; Have all A/D's been read? 

0038 

27 05 


BEQ 

RETURN 

; Yes ; branch to RETURN 

003A' 

08 


INX 


; No : increment X by one 

003B 

DF 42 


STX 

INDEX2 

;X -> INDEX2 

003D 

20 EB 


BRA 

INTRPT 

; Branch to 002A 

003F 

3B 

RETURN 

RTI 



0040 

50 00 

INDEXl 

FDB 

85000 

; Starting address for A/D 

0042 

02 00 

INDEX2 

FDB 

80200 

; Starting address for data storage 

0044 

00 00 

TEMP 

FDB 

80000 



Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user's program. 

SW1 is closed to force the preamp’s differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con- 
cern for the ON resistance of the switches as they must 
conduct only the input bias current of the input amplifiers. 
Output Port B is used as a successive approximation regis- 
ter by the 8080 and the binary scaled resistors in series with 
each output bit create a D/A converter. During the zeroing 
subroutine, the voltage at increases or decreases as re- 
quired to make the differential output voltage equal to zero. 
This is accomplished by insuring that the voltage at the out- 
put of At is approximately 2.5V so that a logic “1” (5V) on 
any output of Port B will source current into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic "0” (OV) will pull current 
out of node Vx and decrease the voltage, causing the differ- 
ential output to become more positive. For the resistor val- 
ues shown. Vx can move ± 1 2 mV with a resolution of 50 
p,V which will null the offset error term to % LSB of full-scale 
for the ADC0801. It is important that the voltage levels 
which drive the auto-zero resistors be constant. Also, for 
symmetry, a logic swing of OV to 5V is convenient. To 
achieve this, a CMOS buffer is used for the logic output 
signals of Port B and this CMOS package is powered with a 
stable 5V source. Buffer amplifier A1 is necessary so that it 
can source or sink the D/A output current. 


For amplification of DC input signals, a major system error is 
the input offset voltage of the amplifiers used for the 
preamp. Figure 17 is a gain of 100 differential preamp 
whose offset voltage errors will be cancelled by a zeroing 
subroutine whichjs performed by the INS8080A microproc- 
essor system. The total allowable input offset voltage error 
for this preamp is only 50 juV for Vi LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltage of the preamp is: 

Vo = IV|n( + )-V|n(-)1 + -^1 + 



SIGNAL GAIN 


( 2R2\ 

1 + j 



DC ERROR TERM GAIN 


where lx is the current through resistor Rx- All of the offset 
error terms can be cancelled by making ±lxRx= Vqsi + 
VoS3 “ Vos2- This is the principle of this auto-zeroing 
scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro- 
gramable Peripheral Interface (PPI) to control the auto zero- 
ing and input data from the ADC0801 as shown in Figure 18. 
The PPI is programmed for basic I/O operation (mode 0) 
with Port A being an input port and Ports B and C being 
output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the input of the preamp. Switch 
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SVoc 



Note 1: R2 = 49.5 R1 

Note 2: Switches are CD4066BC CMOS analog switches. 

Note 3: The 9 resistors used in the auto-zero section can be ±5% tolerance. 


FIGURE 17. Gain of 100 Differential Transducer Preamp 



FIGURE 18. Microprocessor Interface Circuitry for Differential Preamp 
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A flow chart for the zeroing subroutine is shown in Figure 
19. It must be noted that the ADC0801 series will output an 
all zero code when it converts a negative input [V|n(-) ^ 
Vin( + )1- Also, a logic inversion exists as all of the I/O ports 
are buffered with inverting gates. 

Basically, if the data read is zero, the differential output volt- 
age is negative, so a bit in Port B is cleared to pull Vx more 
negative which will make the output more positive for the 
next conversion. If the data read is not zero, the output volt- 
age is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con- 
verges to within 5 mV of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR;3C3D upon 

acknowledgement of an interrupt from the ADC0801 

5.3 Multiple A/D Converters in a Z-80 Interrupt 
Driven Mode 

In data acquisition systems where more than one A/D con- 
verter (or other peripheral device) will be interrupting pro- 
gram execution of a microprocessor, there is obviously a 
need for the CPU to determine which device requires servic- 
ing. Figure 21 and the accompanying software is a method 
of determining which of 7 ADC0801 converters has com- 
pleted a conversion (INTR asserted) and is requesting an 
interrupt. This circuit ailows starting the A/D converters in 
any sequence, but will input and store vaiid data from the 
converters with a priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through A/D 7 which would have the 
lowest priority for data being read. Only the converters 
whose INT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 8-bit D 
type flip-flop. When the Z-80 acknowledges the interrupt, 
the program is vectored to a data input Z-80 subroutine. 
This subroutine will read a peripheral status wor d from the 
DM74LS373 which contains the logic state of the INTR out- 
puts of all the converters. Each converter which initiates an 
interrupt will place a logic “0” in a unique bit position in the 
status word and the subroutine will determine the identity of 
the converter and execute a data read. An identifier word 
(which indicates which A/D the data came from) is stored in 
the next sequential memory location above the location of 
the data so the program can keep track of the identity of the 
data entered. 
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FIGURE 19. Flow Chart for Auto-Zero Routine 
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3D00 

3E90 

MVI 90 


3D02 

D3E7 

Out Control Port 


3D04 

2601 

MVI H 01 

Auto-Zero 

3D06 

7C 

MOVA.H 


3D07 

D3E6 

OUT C 


3D09 

0680 

MVI B 80 


3D0B 

3E7F 

MVI A 7F 


3D0D 

4F 

Move, A 

Return 

3D0E 

D3E5 

OUT B 


3D10 

31AA3D 

LXI SP 3DAA 

Start 

3D13 

D3E4 

OUT A 


3D15 

FB 

IE 


3D16 

00 

NOP 

Loop 

3D17 

C3163D 

JMP Loop 


3D1A 

7A 

MOVA.D 

Auto-Zero 

3D1B 

C600 

ADI 00 


3D1D 

CA2D3D 

JZ Set C 


3D20 

78 

MOVA.B 

Shift B 

3D21 

F600 

ORI 00 


3D23 

IF 

RAR 


3D24 

FEOO 

CPI 00 


3D26 

CA373D 

JZ Done 


3D29 

47 

MOVB.A 

3D2A 

C3333D 

JMP New C 


3D2D 

79 

MOVA.C 

Set C 

3D2E 

BO 

ORAB 


3D2F 

4F 

Move, A 


3D30 

C3203D 

JMP Shift B 


3D33 

A9 

XRAC 

New C 

3D34 

C30D3D 

JMP Return 


3D37 

47 

M0VB,A 

Done 

3D38 

7C 

M0VA,H 


3D39 

EE03 

XRI 03 


3D3B 

D3E6 

OUTC 


3D3D 


« 

• 

• 

Program for processing 
proper data values 

Normal 

3C3D 

DBE4 

IN A 

Read A/D Si 

3C3F 

EEFF 

XRI FF 


3C41 

57 

M0VD,A 


3C42 

78 

M0VA,B 


3C43 

E6FF 

ANI FF 


3C45 

C21A3D 

JNZ Auto-Zero 


3C48 

C33D3D 

JMP Normal 



; Program PPI 


; Close SWlopenSW2 
; Initialize SAR bit pointer 
; Initialize SAR code 

; Port B = SAR code 
; Dimension stack pointer 
; Start A/D 

; Loop until INI asserted 


; Test A/D output data for zero 
; Clear carry 

; Shift "1" in B right one place 
; Is B zero? If yes last 
; approximation has been made 


: Set bit in C that is in same 
; position as "1" in B 

Clear bit in C that is in 
same position as "1" in B 
then output new SAR code. 
Open SWl, close SW2 then 
proceed with program. Preamp 
is now zeroed. 


Read A/D data 
Invert data 

Is B Reg = 0? If not stay 
: in auto zero subroutine 


Note: All numerical values are hexadecimal representations. 

FIGURE 20. Software for Auto-Zeroed Differential A/D 

5.3 Multiple A/D Converters In a Z-80 Interrupt Driven 
Mode (Continued) 

The following notes apply: ^ , 

5) The peripherals of con 

1) It is assumed that the CPU automatically performs a RST following port i 

7 instruction when a valid interrupt is acknowledged (CPU 

is in interrupt mode 1). Hence, the subroutine starting ad- PORT ADDRESI 

dress of X0038. 00 

2) The address bus from the Z-80 and the data bus to the Z- 

80 are assumed to be inverted by bus drivers. 02 

3) A/D data and identifying words will be stored in sequen- 

tial memory locations starting at the arbitrarily chosen ad- 04 

dress X 3E00. 05 

4) The stack pointer must be dimensioned in the main pro- 06 

gram as the RST 7 instruction automatically pushes the 07 

PC onto the stack and the subroutine uses an additional This port address also ser 
6 stack addresses. the orooram. 


5) The peripherals of concern are mapped into I/O space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 

00 MM74C374 8-bit flip-flop 

01 A/D 1 

02 A/D 2 

03 A/D 3 

04 , A/D 4 

05 A/D 5 

06 A/D 6 

07 A/D 7 

This port address also serves as the A/D identifying word in 
the program. 
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor 

INTERRUPT SERVICING SUBROUTINE 

LOC 

OBJ CODE 


SOURCE 

STATEMENT 

COMMENT 

0038 

E5 


PUSH HL 

Save contents of all registers affected by 

0039 

C5 


PUSH BO 

this subroutine. 

003A 

F5 


PUSH AF 

Assumed INT mode 1 earlier set . 

003B 

21 00 3E 


LD (HL) ,X3E00 

Initialize memory pointer where data will be stored 

003E 

OEOl 


LDC, XOl 

0 register will be port ADDR of A/D converters . 

0040 

D300 


OUT XOO, A 

Load peripheral status word into 8-bit latch. 

0042 

DBOO 


IN A, XOO 

Load status word into accumulator. 

0044 

47 


LDB.A 

Save the status word. 

0045 

79 

TEST 

LDA,0 

Test to see if the status of all A/D's have 

0046 

FE08 


OP, X08 

been checked. If so, exit subroutine 

0048 

004B 

CA60 00 

78 


JPZ, DONE 

LDA.B 

Test a single bit in status word by looking for 

004C 

IF 


RRA 

a "1" to be rotated into the CARRY (an INT 

004D 

47 


LDB,A 

is loaded as a "1") , If CARRY is set then load 

004E 

DA 5500 


JPC, LOAD 

contents of A/D at port ADDR in C register. 

0051 

OC 

NEXT 

INOO 

If CARRY is not set , increment C register to point 

0052 

C3 4500 


JP.TEST 

to next A/D, then test next bit in status word. 

0055 

ED 78 

LOAD 

INA, (0) 

Read data from interrupting A/D and invert 

0057 

EE FF 


XOR FF 

the data. 

0059 

77 


LD (HL) ,A 

Store the data 

005A 

005B 

2C 

71 


INOL 

LD (HL) ,0 

Store A/D identifier (A/D port ADDR) . 

005C 

20 


INOL 


005D 

03 51 00 


JP.NEXT 

Test next bit in status word. 

0060 

FI 

DONE 

POP AF 

Re-establish all registers as they were 

0061 

01 


POP BO 

before the interrupt. 

0062 

0063 

El 

09 


POPHL 

RET 

Return to original program 
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Ordering Information 


TEMPERATURE RANGE 

0°C TO 70X 

-40°CTO +85°C 

-40°CTO -i-85°C 

-55°CTO -H25°C 

ERROR 

± Vi Bit Adjusted 
± Vi Bit Unadjusted 
± y 2 Bit Adjusted 
± 1 Bit Unadjusted 

ADC0804LCN 

ADC0801LCN 

ADC0802LCN 

ADC0803LCN 

ADC0805LCN 

ADC0801LCD 

ADC0802LCD 

ADC0803LCD 

ADC0804LCD 

ADC0801LD 

ADC0802LD 

PACKAGE OUTLINE 

N20A-MOLDED DIP 

D20A-CAVITY DIP 

D20A-CAVITY DIP 


Connection Diagram 


ADC080X 

Dual-ln-Llne Package 



■Vcc (obvrefI 

■CLKR 
■ OBO ILSBI 
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National 

Semiconductor 


ADC0808, ADC0809 8-Bit ]aP Compatible A/D Converters 
With 8-Channel Multiplexer 


General Description 


The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 8-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16- 
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa- 
tion.) 


Features 

■ Resolution — 8-bits 

■ Total unadjusted error — ±y 2 LSB and ±1 LSB 

■ No missing codes 

■ Conversion time — 100 )xS 

■ Single supply — 5 Vqc 

■ Operates ratiometrically or with 5 Voc or analog span 
adjusted voltage reference 

■ 8-channel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Outputs meet T2L voltage level specifications 

■ OV to SV analog input voltage range with single SV sup- 
ply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 28-pin DIP package 

B Temperature range -40°C to +85°C or -55°C to 
-l-125°C 

fl Low power consumption — 1 5 mW 
B Latched TRI-STATE® output 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

Supply Voltage (Vcc) (Note 3) 6.5V 

Voltage at Any Pin - 0.3V to (Vcc + 0.3V) 

Except Control Inputs 

Voltage at Control Inputs - 0.3V to + 1 5V 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 
Storage Temperature Range -65°C to + 150°C, 

Package Dissipation at Ta = 25°C 875 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Ratings (Notes 1 and 2) 

Temperature Range (Note 1) Th/hn^Ta^Tmax 

ADC0808CJ - SS^C ^ Ta :^ + 1 25°C 

ADC0808CCJ, ADC0808CCN, 

ADC0809CCN -40'’C^Ta^ +85°C 

Range of Vcc (Note 1 ) 4.5 Vdc to 6.0 Vqc 


Electrical Characteristics 

Converter Specifications: Vcc = 5 Vdc = Vref+. Vref(-) = GND, Tmin^Ta:STmax and fcLK = 640 kHz unless otherwise 
stated. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


ADC0808 







Total Unadjusted Error 

25'’C 



±yz 

LSB 


(Note 5) 

TmIN^O TmaX 



±% 

LSB 


ADC0809 







Total Unadjusted Error 

0°C to 70°C 



±1 

LSB 


(Note 5) 

Tmin to TmaX 



±V/4 

LSB 


Input Resistance 

From Ref(+) to Ref(-) 

1.0 

2.5 


kn 


Analog Input Voltage Range 

(Note 4) V(+)orV(-) 

GND-0.10 


Vcc + 0.10 

Vdc 

VrEF( + ) 

Voltage, Top of Ladder 

Measured at Ref( + ) 


Vcc 

Vcc + 0.1 

V 

VrEF( + ) + VreF(-) 

2 

Voltage, Center of Ladder 


Vcc/2-0.1 

Vcc/2 

Vcc/2 + 0.1 

V 

VrEF(-) 

Voltage, Bottom of Ladder 

Measured at Ref(-) 

-0.1 

0 


V 

•in I 

Comparator Input Current 

fc = 640 kHz, (Note 6) 

-2 

±0.5 

2 

/i.A 


Eiectrical Characteristics 

Digital Levels and DC Specifications: ADC0808CJ 4.5V ^ Vcc ^ 5.5V, -55°C^Ta^ + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75^ Vcc ^ 5.25V, -40 °C^Ta^ +85°C unless otherwise noted 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ANALOG MULTIPLEXER 

IOFF( + ) 

OFF Channel Leakage Current 

Vcc = 5V, V,n = 5V, 







Ta = 25'’C 


10 

200 

nA 



Tmin to Tmax 



1.0 

fiA- 

lOFF(-) 

OFF Channel Leakage Current 

Vcc = 5V,V|n = 0, 







Ta = 25°C 

-200 

-10 


nA 



TMINtoTMAX 

-1.0 



jiA 


CONTROL INPUTS 


V|N{1) 

Logical “1” Input Voltage 


cf 

bi 



Bi 

V|N(0) 

Logical “0” Input Voltage 




1.5 

mm 

l|N(1) 

Logical “1" Input Current 
(The Control Inputs) 

V|n=15V 



1.0 

IxA 

l|N(0) 

Logical “0” Input Current 
(The Control Inputs) 

V|N = 0 

-1.0 



fiA 

icc 

Supply Current 

fCLK— 540 kHz 


0.3 

3.0 

mA 































































Electrical Characteristics (Continued) 


Digital Levels and DC Specifications: ADC0808CJ 4.5V^Vcc^5-5V, -55 °C^Ta^ + 125°C unless otherwise noted 
ADC0808CCJ. ADC0808CCN, and ADC0809CCN 4.75 ^Vcc^ 5.25V, -40 °C^Ta^ +85°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


DATA OUTPUTS AND EOC (INTERRUPT) 


VoUT(l) 

Logical “1 ” Output Voltage 

lo= —360 fiA 

< 

o 

o 

I 

o 



. V 


Logical “0” Output Voltage 

lo= 1-6 mA 



0.45 

V 

VOUT(O) 

Logical “0" Output Voltage EOC 

lo = 1.2 mA 



0.45 

V 

■out 

TRI-STATE® Output Current 




3 

jiA 




-3 



mA 


Electrical Characteristics 

Timing Specifications Vcc = VreF(4.) = 5V, VREF(-) = GiND, tr=tf=20 ns and Ta=25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tws 

Minimum Start Pulse Width 

(Figure 5) 


100 

200 

ns 

tWALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 


Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

tH 

Minimum Address Hold Time 

(Figure 5) 


25 

50 

ns 

to 

Analog MUX Delay Time 

From ALE 

Rs = 0tl (Figures) 

■ 

■ 

2.5 

juS 

tHI. Iho 

OE Control to Q Logic State 

Cl = 50 pF, Rl = 1 0k (Figure 8) 


125 

250 

ns 

tiH. tOH 

OE Control to Hi-Z 

Cl = 1 0 pF, Rl = 1 0k (Figure 8) 


125 

250 

ns 


Conversion Time 

ic = 640 kHz. (Figure 5) (Note 7) 

90 

100 

116 

)4.S 

mm 

Clock Frequency 


10 

640 

1280 ■ 

kHz 

tEOC 

EOC Delay Time 

(Figure 5) 

0 

■ 

8-1-2 (j,S 

Clock 

Periods 

C|N 

Input Capacitance 

At Control Inputs 


10 

15 

pF 

Gout 

TRI-STATE® Output 

Capacitance 

At TRI-STATE® Outputs, (Note 1 2) 

■ 

10 

15 

pF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless othewise specified. 

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vpc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vccn supply. The spec allows 1 00 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute OVdc to 5 Vdc input voltage range will therefore require a minimum supply voltage of 
4,900 Vdc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than 0,0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 

Multiplexer. The device contains an 8-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table I shows the 
input states for the address lines to select any channel. The 
address is latched into the decoder on the low-to-high tran- 
sition of the address latch enable signal. 

TABLE I 


SELECTED 

ADDRESS LINE 

ANALOG CHANNEL 

C 

B 

A 

INO 

L 

L 

L 

INI 

L 

L 

H 

IN2 

L 

H 

L 

IN3 

L 

H 

H 

IN4 

H 

L 

L 

INS 

H 

L 

H 

IN6 

H 

H 

L 

IN7 

H 

H 

H 


CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the succes- 
sive approximation register, and the comparator. The con- 
verter’s digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached Vz LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 

The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0808, ADC0809, the approximation technique is ex- 
tended to 8 bits using the 256R network. 


CONTROLS FROM S.A.R. 



TO 

COMPARATOR 

INPUT 


FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The A/D converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 
The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized comparator 
provides the most effective method of satisfying all the con- 
verter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed throught a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0B08 as 
measured using the procedures outlined in AN-179. 


[-^FULL-SCALE 
ERROR = 1/2 LSB 


H {—NONLINEARITY = 1/2 LSB 

010 r-r— 

—I [-‘-NONLINEARITY = -1/2 LSB 
001 - 1 -^ 

— { |— ZERO ERROR = -1/4 LSB 

000 ViN 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


>1/2 LSB 
TOTAL , 
UNADJUSTED~r. 
ERROR I 


INFINITE RESOLUTION 
'PERFECT CONVERTER 


-IDEAL 3-BIT CONVERTER 


-1 LSB 
-ABSOLUTE 
ACCURACY 


0 lyJ -1/2 LSB 

X -H h - quantization 
’ rr^ 'error 

” 0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


quantizing! 

error|Hi 

INPUT OV 
VOLTAGE 


REFERENCE LINE 



FIGURE 4. Typical Error Curve 
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Connection Diagram 


Timing Diagram 

t—’M 


ANALOG 

INPUT 


COMPARATOR 
INPUT 
(INTERNAL NODE) 


OUTPUT 

ENABLE 


Dual-In-Line Package 



• AOOA 

• ADDB 
- ADOC 
•ALE 
•2-'PWSfl 


5W^ 

L ] 

--IWS— - 

-50% 

Sim 



L 

-^lyi 

iale-H 

-STABLE Al 

3DRE5S 

50S+ 

) 

f 

-SOS 


“"^_r 


-'H 




— 


STABLE 

i 



LSB“^ 




Xi 

jc . 



“*0 

1 

/■ X 





J 

1 

1 "V 50Sn^ 

EOC ^ - .. - 1 ■/ 

^ tc 





> 
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Typical Performance Characteristics 


f 0 I 

< fc-640kH2^ r 

— 

-1 — srf,- 1200 kHi 

[ 7 ^ I I , , I 1 

0 1.25 2.5 3.75 5 

V|N (VI 



0 1.25 2.5 3.75 5 

V|N (V) 


FIGURE 6. Comparator I|n vs V|n 
(Vcc = Vref=5V) 


FIGURE 7. Multiplexer Rqn vs V|n 
(Vcc = Vref=5V) 


TRI-STATE® Test Circuits and Timing Diagrams 


tiH. Cl=10pF 


tH1»CL = 50 pF 





tOH. ^HO 
Vcc '^cc 


tOHi CL=10pF 


tH0>CL=50 pF 



90% -t 
50%^ 
10% 



— 







FIGURE 8 
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Applications Information 

OPERATION 


1.0 RATIOMETRIC CONVERSION 

The ADCO8O0, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC0808 is expressed by the equation 


Vfs-Vz Dmax“Dmin 

V|N = Input voltage into the ADC0808 

Vfs= Full-scale voltage 

V 2 = 2ero voltage 

Dx = Data point being measured 

Dmax = Maximum data limit 

Dmin = Minimum data limit 

A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0808, 
ADC0809 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if 
Vcc=Vref = 5.12V, then the full-scale range is divided into 
256 standard steps. The smallest standard step is 1 LSB 
which is then 20 mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected into 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(-f-), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches. These limitations are auto- 
matically satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V is used, the supply should be adjusted to the same 
voltage within 0,1V. 



TL/H/5672-7 


FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of suHicient drive to supply 
the milliamp of supply current and the desired bus drive, or if 
a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 fiF output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vcc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be half the size of a 5V reference system. 


Vcc 

USB 

REF(+) 


'n7 

“out 

• 

• 

• 

*n0 


REF(-) 

LSB 

GND 



DIGITAL 
OUTPUT 
I REFERENCED 
TO 

GROUND 


VreF 

4.75 V S Vcc = Vref ^ 5.25V 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 


Vcc 

MSB 

REF(+) 

'n7 

OOUT 

• 


• 

InO 


HEF(-) 

LSB 

GND 



DIGITAL OUTPUT 

referenced TO 
GROUND 


'-‘UU 1/ 

Vref 

4.75ViVcc=VREF^5.25V 


FIGURE 11: Ground Referenced Conversion System with 
Reference Generating Vcc Supply 


6-45 


ADC0808/ADC0809 






ADC0808/ADC0809 


Applications Information (Continued) 

10-15 Vdc 



FIGURE 12. Typical Reference and Supply Circuit 


sv 



FIGURE 13. Symmetrically Centered Reference 


TL/H/5672-9 


3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N + 1 is given 
by: 

V|N = |(VREF( + )-VREF(-))[^ + g^]±VTUE} + VREF(-) (2) 

The center of an output code N is given by: 

'/|n|(VreF( + )-VrEF(-))[^|±Vtue} + VreF(-) (3) 

The output code N for an arbitrary input are the integers 
within the range: 

N = — X 256 ± Absolute Accuracy <4) 

Vref(+)-Vref(-) . 

where: V|n = Voltage at comparator input 

Vref(+) = Voltage at Ref( + ) 

Vref(_) = Voltage at Ref(-) 

Vtue = Total unadjusted error voltage (typically 

Vref(+)^512) 


4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances. These are 
connected alternately to the output of the resistor ladder/ 
switch tree network and to the comparator input as part of 
the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V|n as shown in Fig- 
ure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran- 
sient created by the capacitance discharge will die out be- 
fore the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. 
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Typical Application 



TL/H/5672-10 

•Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 


6 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

8085 

Z-80 

SC/MP 

6800 

MEMR 

RD 

RD 

NRDS 

VMA*4)2»R/W 

MEMW 

WR 

WR 

NWDS 

VMA*(j)»R/W 

INTR (Thru RST Circuit) 

INTR (Thru RST Circuit) 

InT (Thru RST Circuit, Mode 0) 
SA (Thru Sense A) 
lRQAoriRQB(Thru PIA) 


Ordering Information 


TEMPERATURE RANGE -40°Cto +85°C -55°C to + 125°C 

^ ±y 2 Bit Unadjusted ADC0808CCN ADC0808CCJ ADC0808CJ 

± 1 Bit Unadjusted ADC0809CCN 

Package Outline N28A Molded DIP J28A Hermetic DIP J28A Hermetic DIP 


ADC0808/ADC0809 



















ADC0816/ADC0817 


^1 National 
4Sm Semiconductor 

ADC0816, ADC0817 8-Bit jitP Compatible A/D Converters 


with 16-Channel Multiplexer 

General Description 

The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS' device with an 8-bit analog-to-digital con- 
verter, 1 6-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 16-channel multiplexer can 
directly access any one of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig- 
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
A/D converter. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0816, ADC081 7 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi- 
lar performance in an 8-channel, 28-pin, 8-bit A/D convert- 
er, see the ADC0808, ADC0809 data sheet. (See AN-258 
for more information.) 


Features 

■ Resolution — 8-bits 

■ Total unadjusted error— ± Vi LSB and ± 1 LSB 

■ No missing codes 

■ Conversion time — 100 p,S 

■ Single supply — 5 Vqc 

■ Operates ratiometrically or with 5 Voc or analog span 
adjusted voltage reference 

■ 16-ehannel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Outputs meet T2L voltage level specifications 

■ OV to 5V analog input voltage range with single 5V sup- 
ply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 40-pin DIP package 

■ Temperature range -40°C to -t-85°C or -55°C to 
-H25°C 

■ Low power consumption — 1 5 mW 

■ Latched TRI-STATE output 

■ Direct access to “comparator in” and “multiplexer out” 
for signal conditioning 


Block Diagram 



Vcc GND REFW REF(-) TL/H/5277-1 
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Absolute Maximum Ratings (Notes t & 2) Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vcc (Note 3) 6.5V Temperature Range (Note 1) T^in^Ta^Tmax 

Voltage at Any Pin -0.3V to (Vcc + 0.3V) ADC0816CJ -55''C^Ta+ 125‘'C 

Except Control Inputs ADC0816CCJ, ADC0816CCN. -40 °C^Ta^ +85'’C 

Voltage at Control Inputs -0.3V to 15V ADC0817CCN 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, Range of Vcc (Note 1 ) 4.5 Vqc to 6.0 Vqc 

ADD A, ADD B, ADD C, ADD D) Voltage at Any Pin OV to Vcc 

Storage Temperature Range -65°Cto + 150‘“C Except Control Inputs 

Package Dissipation at Ta = 25°C 875 mW Voltage at Control Inputs 0Vto15V 

Lead Temperature (Soldering, 10 seconds) 300°C (START, OE, CLOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 

Electrical Characteristics 

Converter Specifications: Vcc 5 Vpc = Vref( + ). Vref(-) = GND, Vim = Vcomparator in.T min ^Tmax and fcLK = 640 kHz 
unless otherwise stated. 


-55''C^Ta+125‘'C 
-40°C^Ta^ +85'’C 

4.5 Vqc to 6.0 Vqc 
OV to Vcc 


VreF( + 


VreF(+) + Vref(- 


Parameter 


ADC0816 

Total Unadjusted Error 
(Note 5) 


ADC0817 

Total Unadjusted Error 
(Note 5) 


Input Resistance 


Analog Input Voltage Range 


Voltage, Top of Ladder 


Voltage, Center of Ladder 


Voltage, Bottom of Ladder 


Comparator Input Current 


Conditions 


25‘'C 

TmIN^oTmaX 


O^C to 70°C 
TmIN to TmaX 


From Ref(+)toRef(-) 


(Note 4)V(+)orV(-) 


Measured at Ref(+) 


Measured at Ref(-) 


fc=640 kHz, (Note 6) 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0816CJ 4.5V ^ Vcc ^ 5.5V, -55 °C^Ta^ + 125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V ^ Vcc ^ 5.25V. -40 °C^Ta^ +85'’C unless otherwise noted. 


Typ 


Parameter 


ANALOG MULTIPLEXER 


Conditions 


Ron Analog Multiplexer on 

Resistance 

(Any Selected Channel) 

Ta = 25°C, RL=10k 
Ta=85”C 

Ta=125'’C 

ARqn ^ON Resistance Between Any 

2 Channels 

(Any Selected Channel) 
RL=10k 

loFF-i- OFF Channel Leakage Current 

Vcc=5V. V,n = 5V. 

Ta = 25'C 

TmIN^oTmAX 

IOFF( -) OFF Channel Leakage Current 

Vcc=5V.V|n = 0. 
Ta=25'’C 

TMINfoTMax 


CONTROL INPUTS 


Logical “1 " Input Voltage 


Logical “0" Input Voltage 


Logical “1” Input Current 
(The Control Inputs) 


Logical “0" Input Current 
(The Control Inputs) 


Supply Current 


Vin = 15V 


V,N = 0 


fCLK~640 kHz 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0816CJ— 4.5V < Vqc 5.5V, -55°C ^ s + 125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN— 4.75V < Vqq < 5.25V, -40°C < < +85°C unless otherwise noted. 


Parameter 


DATA OUTPUTS AND EOC (INTERRUPT) 


VouT(i) Logical “1 ” Output Voltage 


Logical “0" Output Voltage 


Logical “0” Output Voltage EOC 


Iqut TRI-STATE® Output Current 


Conditions 


Iq — 360 (lA, T/\ = 85°C 
lo=-300 /j.A,Ta=125“C 


lo = 1.6 mA 


lo = 1.2 mA 


Vo=Vcc 

Vo=0 



Electrical Characteristics 

Timing Specifications: Vcc = Vref(+)=5V, Vref(_)=GND, tr=tf=20 ns and Ta=25'’C unless otherwise noted. 


Symbol 


iws 


tWALE 



Parameter 


Minimum Start Pulse Width 


Minimum ALE Pulse Width 


Minimum Address Set-Up Time 


Minimum Address Hold Time 


Analog MUX Delay Time 
from ALE 


OE Control to Q Logic State 


OE Control to Hi-Z 


Conversion Time 


Clock Frequency 


EOC Delay Time 


Input Capacitance 


TRI-STATE Output 
Capacitance 


Conditions 


(Figure 5) (Note 7) 


(Figure 5) 


(Figure 5) 


(Figure 5) 


Rs = OCl(Figure 5) 


Cl = 50 pF, Rl = 1 0k (Figure 8) 


Cl = 1 0 pF, Rl = 1 0k (Figure 8) 


fc = 640 kHz, (Figure 5) (Note 8) 


(Figure 5) 


At Control Inputs 


At TRI-STATE Outputs (Note 8) 



Max 

Units 

200 

ns 

200 

ns 

50 

ns 

50 

ns 

2.5 

^lS 

250 

ns 

250 

ns 

116 

JU.S 

1280 

kHz 

8-i-2 AS 

Clock 

Periods 

15 

pF 

15 

pF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vcc to GND anfi has a typical breakdown voltage of 7. Vdc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vcc supply. The spec allows 1 00 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage 
by more than 100 mV, the output coda will be correct. To achieve an absolute 0 Vqc to 5 V|x; input voltage range will therefore require a minimum supply voltage of 
4.900 Vcc over temperature variations, initial tolerance and loading. . , 

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. However, if an 
all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages can be 
adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: If start pulse is asynchronous with converter clock the minimum start pulse width is 6 clock periods plus 2 aS. 

Note 8: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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FuncUonal Description 

Multiplexer: The device contains a 16-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table 1 shows the 
input states for the address line and the expansion control 
line to select any channel. The address is latched into the 
decoder on the low-to-high transition of the address latch 
enable signal. 

TABLE 1 

Selected Address Line Expansion 


Analog Channel 

D 

C 

B 

A 

Cpntrol 

INO 

L 

L 

L 

L 

H 

INI 

L 

L 

L 

H 

- H 

IN2 

L 

L 

H 

L 

H 

IN3 

L 

L 

H 

H 

H 

IN4 

L 

H 

L 

L 

H 

INS 

L 

H 

L 

H 

H 

IN6 

L 

H 

H 

L 

H 

IN7 

L 

H 

H 

H 

H 

INS 

H 

L 

L 

L 

H 

INS 

H 

L 

L 

H 

H 

IN10 

H 

L 

H 

L 

H 

IN11 

H 

L 

H 

H 

H 

IN12 

H 

H 

L 

L 

H 

1N13 

H 

H 

L 

H 

H 

IN14 

H 

H 

H 

L 

H 

IN15 

H 

H 

H 

H 

H 

All Channels OFF 

X 

X 

X 

X 

L 


Additional single-ended analog signals can be multiplexed 
to the A/D converter by disabling all the multiplexer inputs 
using the expansion control. The additional external signals 
are connected to the comparator input and the device 
ground.' Additional signal conditioning (i.e., prescaling, sam- 
ple and hold, instrumentation amplification, etc.) may also 
be added between the analog input signal and the compara- 
tor input. 

CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed to 
give fast, accurate, and repeatable conversions over a wide 
range of temperatures. The converter is partitioned into 3 
major sections: the 256R ladder network, the successive 
approximation register, and the comparator. The converter’s 
digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached + Va LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 


CONTROLS FROM S.A.R. 



TO 

’ COMPARATOR 
INPUT 


FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0816, ADC0817, the approximation technique is ex- 
tended to 8 bits using the 256R network. 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-cpnversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 


The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ulimate accuracy of the entire converter. It is also the com- 
parator drift which has the greatest influence on the repeat- 
ability of the device. A chopper-stabilized comparator pro- 
vides the most effective method of satisfying all the convert- 
er requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 


I-^FUUSCAIE 
-■ ERROR >1/2158 


-H (—NONLINEARITY = 1/2 158 

10 r-i *-■* 

—I [—NONLINEARITY' -1/2 L58 
D1 -I i ' 

— i |— ZERO ERROR = -1/4 LSB 

JO Ixl Viu 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N A8 FRACTION OF FULL-SCALE 


INFINITE RESOLUTION 
'PERFECT CONVERTER 


IDEAL 3 BIT CONVERTER 


lUIML I I 

UNADJUSTE0‘*t.L5^ 
ERROR iKI 


-1 LSB 
-ABSOLUTE 
ACCURACY 


0 -1/2 LSB 

y — ^ I— OUANTIZATION 
> rr" ERROR 

°0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


LSB TOTAL UNADJUSTED ERROR - 


-REFERENCE LINE 


°-g M iiiii i ii||||||||| | | |p 


VOLTAGE 

-1/2 LSB TOTAL UNADJUSTED ERROR- 


FIGURE 4. Typical Error Curve 
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Connection Diagram 


Dual-ln-Package 


EOC — 
IN15_il 
MULTIPLEXER JS 
OUT ,g 
START*— 
VCC-— 
II 



See Ordering Information 


EXPANSION CONTROL 


Timing Diagram 
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Typical Performance Characteristics 



0 1.25 2.5 3.75 5 

V|n(V) 


FIGURE 6. Comparator I|n vs V|n 
(V cc = VnEF = 5V) 



TL/H/5277-8 

FIGURE 7. Multiplexer Rqn vs V|n 
(Vcc=Vref = 5V) 


TRI-STATE Test Circuits and Timing Diagrams 


*1Hi 'hi 

Vcc 



OUTPUT 

ENABLE 


OUTPUT 



W Cl= 10 pF 


*Hi> Cl = 50pF 



'ho* Cl = 50 pF 


OUTPUT 

ENABLE 


Vcc ''CC 





FIGURE 8 


TL/H/5277-10 




Applications Information 

OPERATION ^ 

1.0 RATIOMETRIC CONVERSION 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC0816 is expressed by the equation 
V|N _ Dx 

Vfs-Vz DmaX“Dmin (1) 

V|N = Input voltage into the ADC0816 

Vfs = Full-scale voltage 

Vz = Zero voltage 

Dx = Data point being measured 

Dmax = Maximum data limit 

Dmin = Minimum data limit 


A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0816, 
ADC0817 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, [Figure 9). 
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Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if Vcc = Vrep = 
5.12V, then the full-scale range is divided into 256 standard 
steps. The smallest standard step is 1 LSB which is then 20 
mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(-f ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches These limitations are auto- 
maticaly satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V reference is used, the supply should be adjusted to 
the same voltage within 0.1V. 




Conversion System 


ADC0816/ADC0817 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 11 a ground references system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the millliamp of supply current and the desired bus drive, or 
if a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 /nF output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc and 
ground, respectively, but they can be symmetrically less 
than Vcc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LS6 steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
to be half the size of the LSB in a 5V reference system. 



ADC08I6, 17 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 


TL/h/5277-12 



FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vcc Supply 


TL/H/5277-13 
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Applications information (Continued) 



TANTALUM 

GNU 


FIGURE 12. Typical Reference and Supply Circuit 

5V 


2.5V 

REFERENCE 


Vcc 


REF(+) 

MSB 

'n15 

• 

• 

• 

• 

• 

°0UT 

• 

'nO 


REF(-) 

LSB 

GND 



DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V::, V|N< 3.75V 


Ra = Rb 

' Ratiometric transducers 


FIGURE 13. Symmetrically Centered Reference 

3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N + 1 is The output code N f 
given by: within the range: 

V|N= |(VREF( + )-VREF(-))[^ + gj^|±VTUE| +V reF(-) (2) fg = 

, Vref( + )-Vre| 

The center of an output code N is given by: ^ 

ViN= I (Vref( + )-Vref(-))[^] ±Vtue] +Vref(_) (3) Vref = Voltage at 


The output code N for an arbitrary input are the integers 
within the range: 

N= ^in-Vref(-) X 256 + Absolute Accuracy (4) 
VrEF( + )-VreF(-) 

where: V|n = Voltage at comparator input 
Vref = Voltage at Ref( + ) 

Vref = Voltage at Ref(-) 

Vtue = Total unadjusted error voltage (typically 
Vref(+) -^512) 
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Applications Information (Continued) 

4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances These are con- 
nected alternately to the output of the resistor ladder/switch 
tree network and to the comparator input as part of the 
operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V||sj as shown in Fig- 
ure 6. 

Typical Application 


If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, the com- 
parator input current should not introduce converter errors, 
as the transient created by the capacitance discharge will 
die out before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. See AN-258 for further discussion. 


ADDRESS 
OECDDE • 
(AD4-AD15)* 


CLK 

OE 

VrEF(+) 

EOC 

VrEFH 

START 

2-1 

2-2 

ALE 

2-3 

A 

2-4 

2-5 

^ ADC0816 

2-6 

C ADC0817 


D 

2-8 

EXPAND. 

vcc 

IN15 

GNO 

0 

COMMON OUT 

COMPARATOR 

• 

• 

IN 

INO 


0-5V 
ANALOG 
INPUT RANGE 


•Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 


Microprocessor Interface Table 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR(ThruRST Circuit) 

8085 

RD 

WR 

INTR(Thru RST Circuit) 

2-80 

RD 

WR 

INT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA»<f) 2«R/W 

VMA»Q2»R/W 

iRQAoriRQB(Thru PIA) 


Ordering Information 


TEMPERATURE RANGE 


± Vz Bit Unadjusted ADC081 6CCN 


±1 Bit Unadjusted ADC0817CCN 


Package Outline | N40A Molded DIP 


40°Cto -l-85°C 


ADC0816CCJ 


J40A Hermetic DIP 


-55Xto -h 125'C 


ADC0816CJ 


J40A Hermetic DIP 




















National 

Semiconductor 


microCMOS 


ADC0820 8-Bit High Speed /xP Compatible A/D Converter 
with Track/Hold Function 


General Description Feature 

By using a half-flash conversion technique, the 8-bit ■ Built-in trc 

ADC0820 CMOS A/D offers a 1.5 fxs conversion time and ■ No missir 

dissipates only 75 mW of power. The half-flash technique ■ No extern 

consists of 32 comparators, a most significant 4-bit ADC ^ Single su| 

and a least significant 4-bit ADC. ^ 

The input to the ADC0820 is tracked and held by the input stand-aloi 
sampling circuitry eliminating the need for an external sam- a Latched 1 
ple-and-hold for signals moving at less than 100 mV//xs. ^ Logic inpi 
For ease of interface to microprocessors, the ADC0820 has age level 
been designed to appear as a memory location or I/O port g Operates 
without the need for external interfacing logic. equal to c 

„ « -i. *. ■ OV to 5V 

Key Specifications piy 

■ Resolution 8 Bits ■ nq zero c 

■ Conversion Time 2.5 /is Max (RD Mode) p Overflow 

1.5 jas Max (WR-RD Mode) g q 3 » 

■ Input signals with slew rate of 100 mV/fts converted 
without external sample-and-hold to 8 bits 

B Low Power 75 mW Max 

B Total Unadjusted Error ± ^/i_ LSB and ± 1 LSB 


Connection Diagram Functional Diagram 


Features 

a Built-in track-and-hold function 
a No missing codes 
a No external clocking 
a Single supply— 5 Vpc 

a Easy interface to all microprocessors, or operates 
stand-alone 

a Latched TRI-STATE® output 

a Logic inputs and outputs meet both MOS and T2L volt- 
age level specifications 

a Operates ratiometrically or with any reference value 
equal to or less than Vcc 

a OV to 5V analog input voltage range with single 5V sup- 
ply 

a No zero or full-scale adjust required 
a Overflow output available for cascading 
a 0.3" standard width 20-pin DIP 


Dual-ln-Line 


1 

IT 

20 

~~l Vcc 

2 

19 

NC 

3 

18 

^5Tl 

4 

17 

II]dB7 

5 

16 

□ 0 B 6 

6 

15 

□ 0B5 

7 

14 

DB4 

a 

13 

□ cs 

9 

12 

I]vref( + ) 

10 

11 

I^VrefI-) 


VreM-I- 

Vref( + I- 

>34©;-/ 


TIMING AND CONTROL CIRCUITRY 


MODE WH/RDY CS 
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Absolute Maximum Ratings (Notes 1 & 2) 
Supply Voltage (Vcc) 10V 

Logic Control Inputs - 0.2V to Vcc + 0.2V 

Voltage at Other Inputs and Output - 0.2V to Vcc + 0.2V 
Storage T emperature Range - 65°C to + 1 50°C 

Package Dissipation at Ta = 25°C 875 mW 

Lead T emperature (Soldering, 1 0 seconds) 300°C 


Operating Ratings (Notes 1 & 2) 


Temperature Range 
ADC0820BD, ADC0820CD 
ADC0820BCD, ADC0820CCD 
ADC0820BCN, ADC0820CCN 
Vcc Range 


Tmin^Ta^Tmax 
-55°C^Ta^ + 125°C 
-40°C^Ta^+85°C' 
0°C^Ta^70'’C 
4.5V to 8V 


Converter Characteristics The following specifications apply for RD mode (pin 7 = 0), Vcc= 5V, 

Vref( + ) = 5V, and Vref( - ) = GND unless otherwise specified. Boldface limits apply from Tmin to T max: all other limits 
TA = Tj = 25'‘C. 



Total Unadjusted Error ADC0820BD, BCD 


(Note 3) 


ADC0820BCN 
ADC0820CD, CCD 
ADC0820CCN 


Minimum Reference 
Resistance 


Maximum Reference 
Resistance 


Maximum Vf)ef( + ) 
Input Voltage 


Minimum Vref{“) 
Input Voltage 


Minimum Vref( + ) 
Input Voltage 


Maximum Vref(-) 
Input Voltage 


Maximum V|m Input 
Voltage 


Minimum V|n Input 
Voltage 


Maximum Analog CS = Vcc 

Input Leakage Current V|n = Vcc 

V|n = GND 


Power Supply Vcc = 5V±5% 

Sensitivity 


Ordering Information 


Temperature Range 


± 1 12 LSB Unadjuste 
± 1 LSB Unadjusted 


Package Outline 


ADC0820BD, ADC0820CD 
ADC0820BCD, ADC0820CCD 


Tested Design 

Limit Limit 
(Note 7) (Note 8) 


ADC0820BCN, ADC0820CCN 


Typ 

(Note 6) 




Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

8 

8 

±yz 

±y2 

±1 

±1 

1.4 

1.25 

5.3 

6 

Vcc 

Vcc 

GND 

GND 

Vref(“) 

Vref(-) 

Vref( + ) 

VnEF{ + ) 

Vcc + 0.1 

Vcc + 0-1 

GND-0.1 

GND-0.1 

0.3 

3 

-0.3 

-3 

±y4 

iy. 


0°C to + 70‘’C 

-40'Cto -F85°C 

-SS'C to -F125'’C 

ADC0820BCN 

ADC0820BCD 

ADC0820BD 

ADC0820CCN 

ADC0820CCD 

ADC0820CD 

N20A— Molded DIP 

D20A — Cavity DIP 

D20A — Cavity DIP 
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DC Electrical Characteristics The following specifications apply for Vcc= 5V, unless otherwise specified. 
Boldface limits apply from IoTmax: a" other limits Ta = Tj = 25°C. 



Vcc = 5.25V 


Vcc = 4.75 V 


CS, WR. RD 


Mode 


CS, WR. RD 


Mode 


Paraijieter 


ViN(i). Logical “1” 
Input Voltage 


V|N( 0 ). Logical “0" 
Input Voltage 


liN(i), Logical" 1” 
Input Current 


llN(O), Logical “0" 
Input Current 


VoUT( 1 ). Logical "1” Vcc"^4.75 V, Iou t= -360 fiA; 
Output Voltage DB0-DB7, OFL, INT 

Vcc=^ 4.75 V, lou T= ~10 fi.A; 
DBO-DB7,OFL, INT 


VouTfO). Logical “0” Vcc = 4.75V^UT= 1.6 mA; 


ADC0820BD, ADC0820CD 
ADC0820BCD, ADC0820CCD 


Tested Design 
Limit Limit 
(Note 7) (Note 8) 


Typ 

(Note 6) 


ViN(1) ~ CS, RD 
V|N(i)= 5V:WR 
V|N(1)“5V; Mode 


V|N(0) = OV: CS.RD.WR, 
Mode 


Output Voltage 


louT. tri-state 

Output Current 


'source. Output 
Source Current 


IsiNK. Output Sink 
Current 


Ice. Supply Current 


DB0-DB7, OFL, INT, RDY 


Vout = 5V: DB0-DB7, RDY 
VouT = 0V: DB0-DB7, RDY 


VOUT = OV; DB0-DB7, OFL 
INT 


VoUT= 5V: DB0-DB7, OFL, 
INT, RDY 


CS=WR=RD=0 



AC Electrical Characteristics The following specifications apply f or Vcc = 5V, tr = tf = 20 ns, Vref( + ) = 5V, 
Vf)ef(~) = OV and Ta= 25°C unless otherwise specified. 


Conditions 

(Note 6) 


1.6 


tCRD + 20 


Parameter 

Conditions 

tcRD. Conversion Time for RD Mode 

Pin 7 = Q, Figure 2 

Iacco. Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = 0, Figure 2 

tewR-RD. Conversion Time for 

WR-RD Mode 

Pin 7 = Vcc'. twR ~ 600 ns, 
tRD = 600 ns; Figures 3a and 3b 

twR. Write Time 

Min 

Pin 7 = Vcc". Figures 3a and 3b 


Max 

(Note 4) See Graph 

tRp, Read Time 

Min 

Pin 7 = Vcc: Figures 3a and 3b 
(Note 4) See Graph 

Iacci . Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = Vcc. 1rd<1i: 

Figure 3a 

Cl=15pF 


Cl=100pF 

1acC2. Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = Figure 3b 

Cl=15pF 


Cl = 100 pF 
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AC Electrical Characteristics (Continued) The following specifications apply for Vcc=5V, tr= tf = 20 ns, 
Vrep(+ ) = 5V, Vref(-) = OV and Ta= 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

t|. Internal Comparison Time 

Pin 7 = Vcc: Figures 3b and 4 

Cl =50 pF 

800 


1300 

ns 

tiH. fOH. TRI-STATE Control 
(Delay from Rising Edge of RD to 

Hi-2 State) 

RL=1k,CL=10pF 

100 


200 

ns 

tfNjL, Delay from Rising Edge of 

WR to Falling Edge of INT 

Pin 7 = VcCi Cl= 50 pF 

Figure 3b 
tRD<ti: Figure 3a 

tRD-f200 


t| 

fRD + 290 

ns 

ns 

tiNTH> Delay from Rising Edge of 

RD to Rising Edge of INT 

Figures 2, 3a and 3b 
' Cl = 50pF 

125 


225 

ns 

tifgtHWR. Delay from Rising Edge of 
WR to Rising Edge of INT 

Figure 4, Cl = 50 pF 

175 


270 

ns 

tRDY, Delay from CS to RDY 

Figure Cl = 50 pF, Pin 7 =0 

50 


100 

ns 

t|D, Delay from to Output Valid 

Figure 4 

20 


50 

ns 

tRi, Delay from RD to InT 

Pin 7 = Vcc. fRD<t| 

Figure 3a 

200 


290 

ns 

tp. Delay from End of Conversion 
to Next Conversion 

Figures 2, 3a, 3b and 4 
(Note 4) See Graph 



500 

ns 

Slew Rate, Tracking 


0.1 



V/jiS 

CviN. Analog Input Capacitance 


45 



pF 

CouT. Logic Output Capacitance 


5 

! 


pF 

C|N, Logic Input Capacitance 


5 



pF 


Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless othenwise specified. 

Note 3: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 4: Accuracy may degrade if fwR or tpo is shorter than the minimum value specified. See Accuracy vs twR and Accuracy vs tRp graphs. 
Note 5; The voltage at these pins should never go higher than Vcc oor lower than GND. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Guaranteed and 100% production tested. 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

TRI-STATE Test Circuits 

tiH 


toH 


DATA 



Vcc 



and Waveforms 


*iHi Cl = 10 pF 


tf = 20 ns 



TL/H/5501-4 


TL/H/5501-5 


*0Hi Cl = 10 pF 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 


— 

-55' 

C<Ta< 1 

125°C 


















5 4.75 5.0 5.25 5 

Vcc-SUPPLY VOLTAGE (V) 


Conversion Time (RD Mode) 
vs Temperature 



-100 -50 0 50 100 150 

Ta-AMBIENT temperature (”0 


Power Supply Current vs 
Temperature (not including 
reference ladder) 


Vcc = 5.25V 


-100 - 50 0 50 100 150 

Ta-AMBIENT TEMPERATURE (“C) 


Accuracy vs twR 


Vcc = 5V 
VreF = 5V 
Ta = 25°C 
'tp=500 ns 
Iro =500 ns 


Accuracy vs tpo 


Vcc = 5V 
Vref = 5V 
Ta = 25°C 
■ Ip =500 ns 
tWR = 600 ns 


Accuracy vs tp 


VCC = 5V 
Vref=5V 
Ta = 25"C 
twR = 600 ns 
Iro = 600 ns 


400 500 600 700 800 900 

IWR (ns) 


300 400 500 600 700 600 900 

Ird (ns) 


300 400 500 600 700 600 900 
tp (ns) 


Accuracy vs Vref 

[Vref = Vref( + )-Vref{-)] 



0 1 2 3 4 5 

Vref(V) 


t|, Internal Time Delay vs 
Temperature 





— 

10 

< 8 


V 

c = 4.75V 

£ 6 
cc 

5V 


Vcc = 

5.25V 

(_> 

H. 4 

a. 





i 2 

. 0 


-100 -50 0 50 lOO 150 

Ta-AMBIENT TEMPERATURE (°C) 


Output Current vs 
Temperature 

I I 

Vcc = 5V 

] — i- 

ISDURCE Vout = 2.4V 


ISINK Vout = 0.4V 


- 100 -50 0 50 100 150 

Ta-AMBIENT TEMPERATURErO 

TL/H/5501-11 
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Description of Pin Functions 

Pin Name Function 

1 V|N Analog input; range =GND^\/in^Vcc 

2 DBO TRI-STATE data output— bit 0 (LSB) 

3 DB1 TRI-STATE data output— bit 1 

4 DB2 TRI-STATE data output— bit 2 

5 DB3 TRI-STATE data output — bit 3 

6 WR/RDY WR-RD Mode 

WR: With CS low, the conversion is start- 
ed on the falling edge of WR. Approxi- 
mately 800 ns (the preset internal time 
out, t|) after the WR rising edge, the result 
of the conversion will be strobed into the 
output latch, provided that RD does not 
occur prior to this time out (see Figures 
3a and 3b). 

RD Mode 

RDY: This is an open drain output (no in- 
ternal pull-up device). R^will go low af- 
ter the falling edge of CS; RDY will go 
TRI-STATE when the result of the conver- 
sion is strobed into the output latch. It is 
used to simplify the interface to a micro- 
processor system (see Figure 2). 

7 Mode Mode: Mode selection input — it is inter- 

■ nally tied to GND through a 50 [iF current 
source. 

RD Mode: When mode is low 
WR-RD Mode: When mode is high 

8 RD WR-^Mode 

With CS low, the TRI-STATE data outputs 
(DB0-DB7) will be activated when RD 
goes low (see Figure 4). RD can also be 
used to increase the speed of the con- 
verter by reading data prior to the preset 
internal time out (t|, —800 ns). If this is 
done, the data result transferred to output 
latch is latched after the falling edge of 
the RD (see Figures 3a and 3b). 

RD Mode 

Wit h CS low, the conversion will start with 
RD going low, also RD will enable the 
TRI-STATE data outputs at the comple- 
tion of the conversion. RDY going TRI- 
STATE and InT going low indicates the 
completion of the conversion (see Figure 
2 ). 

1.0 Functional Description 

1.1 GENERAL OPERATION 

The ADC0820 uses two 4-bit flash A/D converters to make 
an 8-bit measurement (Figure 1). Each flash ADC is made 
up of 15 comparators which compare the unknown input to 
a reference ladder to get a 4-bit result. To take a full 8-bit 
reading, one flash conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). Driven by the 4 
MSBs, an internal DAC recreates an analog approximation 
of the input voltage. This analog signal is then subtracted 
from the input, and the difference voltage is converted by a 
second 4-bit flash ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 


10 GND 
Vfief(-) 


12 Vref( + ) 


14 DB4 

15 DB5 

16 DB6 

17 DB7 

18 OFL 


19 NC 

20 Vcc 


WR-RD Mode 

INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT will go low, —800 ns 
(the preset internal time out, t|) after the 
rising edge of WR (see Figure 3b)\ or InT 
will go low after the falling edge of RD, if 
RD goes low prior to the 800 ns time out 
(see Figure 3a). INT is reset by the rising 
edge of RD or CS (see Figures 3a and 
3b). 

RD Mode 

INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT is reset by the rising 
edge of RD or CS (see Figure 2). 

Ground 

The bottom of resistor ladder, voltage 
range: GND^\/REF(~)^VREF("h) (Note 
5) 

The top of resistor ladder, voltage range: 

VREF(~)^VREF( + )^Vcc(Note 5) 

CS must be low in order for the RD or WR 
to be recognized by the converter. 
TRI-STATE data output — bit 4 
TRI-STATE data output — bit 5 
TRI-STATE data output — bit 6 
TRI-STATE data output — bit 7 (MSB) 
Overflow output— If the analo g input is 
higher than the VREF(-t-). OFL will be low 
at the end of conversion. It can be used to 
cascade 2 or more devices to have more 
resolution (9, 10-bit). 

No connection . 

Power supply voltage 


The internal DAC is actually a subsection of the MS flash 
converter. This is accomplished by using the same resistor 
ladder for the A/D as well as for generating the DAC signal. 
The DAC output is actually the tap on the resistor ladder 
which most closely approximates the analog input. In addi- 
tion, the "sampled-data” comparators used in the ADC0820 
provide the ability to compare the magnitudes of several 
analog signals simultaneously, without using input summing 
amplifiers. This is especially useful in the LS flash ADC, 
where the signal to be converted is an analog difference. 
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1.2 THE SAMPLED-DATA COMPARATOR 

Each comparator in the ADC0820 consists of a CMOS in- 
verter with a capacitiveiy coupled input (Figure 5). Analog 
switches connect the two comparator inputs to the input 
capacitor (C) and also connect the inverter's input and out- 
put. This device in effect now has one differential input pair. 
A comparison requires two cycles, one for zeroing the com- 
parator, and another for making the comparison. 

In the first cycle, one input switch and the inverter's feed- 
back switch (Figure 5a) are closed. In^this inten/al, C is 
charged to the connected input (VI) less the inverter’s bias 
voltage (Vg, approximately 1.2V). In the second cycle (Fig- 
ure 5b), these two switches are opened and the other (V2) 
input’s switch is closed. The input capacitor now subtracts 
its stored voltage from the second input and the difference 
is amplified by the inverter’s open loop gain. The inverter’s 
input (Vg') becomes 

VB-(v,-va^ 

and the output will go high or low depending on the sign of 
Vg'-Vg. 


The actual circuitry used in the ADC0820 is a simple but 
important expansion of the basic comparator described 
above. By adding a second capacitor and another set of 
switches to the input (Figure 6), the scheme can be expand- 
ed to make dual ciifferential comparisons. In this circuit, the 
feedback switch and one input switch on each capacitor (Z 
switches) are closed in the zeroing cycle. A comparison is 
then made by connecting the second input on each capaci- 
tor and opening all of the other switches (S switches). The 
change in voltage at the inverter's input, as a result of the 
change in charge on each input capacitor, will now depend 
on both input signal differences. 

1.3 ARCHITECTURE 

In the ADC0820, one bank of 15 comparators is used in 
each 4-bit flash A/D converter (Figure 7). The MS (most 
significant) flash ADC also has one additional comparator to 
detect input overrange. These two sets of comparators op- 
erate alternately, with one group in its zeroing cycle while 
the other is comparing. 



. Vo = Vb 

• V on C = VI -Vb 

• Cs = stray input 
node capacitor 

• Vb = inverter input 
bias voitage 


•Vb'-Vb = (V2-V1)- 


•Vo' = 5T5^[CV2-CV1] 
•Vo' is dependent on V2-V1 


FIGURE 5a. Zeroing Phase 


FIGURE 5b. Compare Phase 


FIGURE 5. Sampled-Data Comparator 




'"l 

Vo 


= cTTciTci [C1(V2-V1) + C2(V4-V3)] 


C1+C2 + Cs 


[AQci + AQc2l 


FIGURE 6. ADC0820 Comparator (from MS Flash ADC) 
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When a typical conversion is started, the WR line is brought 
low. At this instant the MS comparators go from zeroing to 
comparison mode (Figure 6). When WR is returned high af- 
ter at least 600 ns. the output from the first set of compara- 
tors (the first flash) is decoded and latched. At this point the 
two 4-bit converters change modes and the LS (least signifi- 
cant) fiash ADC enters its compare cycle. No less than 600 
ns later, the RD line may be pulled low to latch the lower 4 
data bits and finish the 8-bit conversion. When RD goes low, 
the flash A/Ds change state once again in preparation for 
the next conversion. 

Figure 8 aiso outlines how the converter's interface timing 
reiates to its analog input (V|n). In WR-RD mode,' V|n is 
measured while WR is low. In RD mode, sampling occurs 
during the first 800 ns of RD. Because of the input connec- 
tions to the ADC0820’s LS and MS comparators, the con- 
verter has the ability to sample V|n at one instant (Section 
2.4), despite the fact that two separate 4-bit conversions are 
being done. More specifically, when WR is low the MS flash 
is in compare mode (connected to V|n), and the LS flash is 
in zero mode (also connected to V|m). Therefore both flash 
ADCs sample V|n at the same time. 

1.4 DIGITAL INTERFACE 

The ADC0820 has two basic interface modes which are se- 
lected by strapping the MODE pin high or low. 

RD Mode 

With the MODE pin grounded, the converter is set to Read 
mode. In this configuration, a complete conversion is done 
by pulling RD low until output data appears. An TfTT line is 
provided which goes low at the end of the conversion as 
well as a RDY output which can be used to signal a proces- 
sor that the converter is busy or can also serve as a system 
Transfer Acknowledge signal. 


RD Mode (Pin 7 is Low) 



*TL/H/5501-16 


When in RD mode, the comparator phases are internally 
triggered- At the falling edge of RD, the MS flash converter 
goes from zero to compare mode and the LS ADC’s com- 
parators enter their zero cycle. After 800 ns, data from the 
MS flash is latched and the LS flash ADC enters compare 
mode. Following another 800 ns, the lower 4 bits are recov- 
ered. 


WR then RD Mode 

With the MODE pin tied high, the A/D will be set up for the 
WR-RD mode. Here, a conversion is started with the WR 
input; however, there are two options for reading the output 
data which relate to interface timing. If an interrupt driven 
scheme is desired, the user can wait for INT t o go low be- 
fore reading the conversion result (Figure B). INT will typi- 
cally go low 800 ns after WR’s rising edge. However, if a 
shorter conversion time is desired, the processor need not 
wait for INT and can exercise a read after only 600 ns (Fig- 
ure A). If this is done, INT will immediately go low and data 
will appear at the outputs. 



TL/H/5501-17 

FIGURE A. WR-RD Mode (Pin 7 Is High and tRD<t|) 



TL/H/5501-18 

FIGURE B. WR-RD Mode (Pin 7 Is High and tRD>t|) 
Stand-Alone 

For stand-alone operation in WR-RD mode, CS and RD can 
be tied low and a conversion can be started with WR. Data 
will be valid approximately 800 ns following WR’s rising 
edge. 

WR-RD Mode (Pin 7 is High) Stand-Alone Operation 


CSlow 

RClow 
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MS COMPARATORS ZERO 
TO REFERENCE LADDER. 
LS COMPARATORS FLOAT. 


MS COMPARATORS COMPARE 
ViN TO THEIR REFERENCE 
LADDER TAP. THE COMPARATOR 
OUTPUTS DIGITALLY TRACK 
Vin-VlaOOER tap 
LS COMPARATORS ZERO TO 
ViN. THE COMPARATOR'S 
INPUT CAPACITORS TRACK Vin. 


MS COMPARATOR OUTPUTS 
ARE LATCHED. THE MS 
DACIS SET. THE MS 
COMPARATOR FLOATS. 

LS COMPARATORS COMPARE 
LSB SECTION OF REFERENCE 
LADDER. 


LS COMPARATOR OUTPUTS 
ARE UTCHEO AND CAN 
BE READ. 

MS COMPARATORS RETURN 
TO ZERO MODE. 


Note: MS means most significant 
LS means least significant 


FIGURE 8. Operating Sequence (WR-RD Mode) 


OTHER INTERFACE CONSIDERATIONS 

In order to maintain conversion accuracy, WR has a maxi- 
mum width spec of 50 fis. When the MS flash ADC’s sam- 
pled-data comparators (Section 1.2) are in comparison 
mode (WR is low), the input capacitors (C, Figure ^ must 
hold their charge. Switch leakage and inverter bias current 
can cause errors if the comparator is left in this phase for 
too long. 

Since the MS flash ADC enters its zeroing phase at the end 
of a conversion (Section 1.3), a new conversion cannot be 
started until this phase is complete. The minimum spec for 
this time (tp. Figures 2, 3a, 3b, and 4) is 500 ns. 

2.0 Analog Considerations 

2.1 REFERENCE AND INPUT 

The two Vref inputs of the ADC0820 are fuily differential 
and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between V|n( + ) and V|n(-). By reducing 
Vref(Vref ~ Vref( + ) “■ Vref( ~ )) to less than 5V, the sen- 
sitivity of the converter can be increased (i.e., if \/ref = 2V 
then 1 LSB = 7.8 mV). The input/reference arrangement 
also facilitates ratiometric operation and in many cases the 
chip power supply can be used for transducer power as well 
as the Vref source. 

This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at Vref(-) sets 
the input ievel which produces a digital output of all zeroes. 
Though V|n is not itself differential, the reference design 
affords nearly differential-input capability for most measure- 
ment applications. Figure 9 shows some of the configura- 
tions that are possible. 


2.2 INPUT CURRENT 

Duo to the unique conversion techniques employed by the 
ADC0820, the analog input behaves somewhat differently 
than in conventional devices. The A/D’s sampled-data com- 
parators take varying amounts of input current depending 
on which cycle the conversion is in. ’ 

The equivalent input circuit of the ADC0820 is shown in 
Figure 10a. When a conversion starts (WR low, WR-RD 
mode), all input switches close, connecting V|n to thirty-one 
1 pF capacitors. Although the two 4-bit flash circuits are not 
both in their compare cycle at the same time, V|n still sees 
all input capacitors at once. This is because the MS flash 
converter is connected to the input during its compare inter- 
val and the LS flash is connected to the input during its 
zeroing phase (Section 1.3). In other words, the LS ADC 
uses V|N as its zero-phase input. 

The input capacitors must charge to the input voltage 
through the on resistance of the analog switches (about 5 
kfl to 10 kfl). In addition, about 12 pF of input stray capaci- 
tance must also be charged. For large source resistances, 
the analog input can be modeled as an RC network as 
shown in Figure 10b. As Rs increases, it will take longer for 
the input capacitance to charge. 

In RD mode, the input switches are closed for approximately 
800 ns at the start of the conversion. In WR-RD mode, the 
time that the switches are closed to allow this charging is 
the time that WR is low. Since other factors force this time 
to be at least 600 ns, input time constants of 100 ns can be 
accommodated without special consideration. Typical total 
input capacitance values of 45 pF allow Rs to be 1.5 kfl 
without lengthening WR to give Vin more time to settle. 
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External Reference 2.5V Full-Scale 


Power Supply as Reference 


Input Not Referred to GND 


- m + 



iN-t- 

ViN ( + ) 

GND 

ViN(-) — 

GNO 

1.2k 

REF( + | 


R£F( 1 


REF(-) 

JT 

REF( - 1 

LM385-2.5 ^ 

ViNl-) 4~ 




* €* 

TL/H/5501-21 


TL/H/5501-22 

1 


‘Current path must 
still exist from V||vj(-) 
to ground 


FIGURE 9. Analog Input Options 




R-LADDER^^^ 

15 LSB COMPARATORS 


eZiZ'Pf 


Rs 350 fSw 

'^rrrxi> 


T ■ T 


16 MSB COMPARATORS 


FIGURE 10a 


FIGURE 10b 


2.3 INPUT FILTERING 

It should be made clear that transients in the analog input 
signal, caused by charging current flowing into V|n, will not 
degrade the A/D’s performance in most cases. In effect the 
ADC0820 does not “look” at the input when these tran- 
sients _occur. The comparators’ outputs are not latched 
while WR is low, so at least 600 ns will be provided to 
charge the ADC’s input capacitance, it is therefore not nec- 
essary to filter out these transients by putting an external 
cap on the V|n terminal. 

2.4 INHERENT SAMPLE-HOLD 

Another benefit of the ADC0820’s input mechanism is its 
ability to measure a variety of high speed signals without the 
help of an external sample-and-hold. In a conventional SAR 
type converter, regardless of its speed, the input must re- 
main at least Vi LSB stable throughout the conversion proc- 
ess if full accuracy is to be maintained. Consequently, for 
many high speed signals, this signal must be externally 
sampled, and held stationary during the conversion. 


Sampled-data comparators, by nature of their input switch- 
ing, already accomplish this function to a large degree (Sec- 
tion 1.2). Although the conversion time for the ADC0820 is 

1.5 JUS, the time through which V|n must be 1/2 LSB stable 
is much smaller. Since the MS flash ADC uses V|n as its 
“compare” input and the LS ADC uses V|n as its “zero” 
input, the ADC0820 only “samples” V|n when WR is low 
(Sections 1 .3 and 2.2). Even though the two flashes are not 
done simultaneously, the analog signal is measured at one 
instant. The v alue of V|m approximately 100 ns after the 
rising edge of Wr (100 ns due to internal logic prop delay) 
will be the measured value. 

Input signals with slew rates typically below 100 mV/jns can 
be converted without error. However, because of the input 
time constants, and charge injection through the opened 
comparator input switches, faster signals may cause errors. 
Still, the ADC0820’s loss in accuracy for a given increase in 
signal slope is far less than what would be witnessed in a 
conventional successive approximation device. An SAR 
type converter with a conversion time as fast as 1 ns would 
still not be able to measure a 5V 1 kHz sine wave without 
the aid of an external sample-and-hold. The ADC0820, with 
no such help, can typically measure 5V, 7 kHz waveforms. 
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National 

Semiconductor 


ADC0829 juP Compatible 8-Bit A/D 


with 11-Channel MUX/Digital 

General Description 

The ADC0829 is an 8-bit successive approximation A/D 
converter with an 11 -channel multiplexer of which six can 
be used. as digital inputs, as well as, analog inputs. 

This A/D is designed to operate from the p.P data bus using 
a single 5V supply. 

Channel selection, conversion control, software configura- 
tion and bus interface logic are all contained on this mono- 
lithic CMOS device. 

This device contains three 16-bit registers which are ac- 
cessed via double byte instructions. The control register is a 
write only register which controls the start of a new conver- 
sion, selects the channel to be converted, configures the 8- 
bit I/O port as input or output, and provides information for 
the 8-bit output register. 

The conversion results register is a read only register which 
contains the current status and most recent conversion re- 
sults. The discrete input register is also a read only register 
which contains the four address bits of the selected chan- 
nel, and the six discrete inputs which are connected to the 
analog multiplexer. 


Input 

Key Specification 


Resolution 

8 Bits 

Total Unadjusted Error 

± 1/2 LSB and ± 1 LSB 

Conversion Time 

256 

Single Supply 

5Vdc 

Low Power 

50 mW 


Features 

■ No missing codes 

■ Operates ratiometrically or with analog span adjusted 
voltage reference 

B 11 -Channel multiplexer with latched control logic of 
which six can be used as digital inputs 
B Easy interface to all microprocessors or operates 
“stand alone” 

a 0 to SV analog input range with single SV supply 
D T2 L/MOS input/output compatible 
B No zero or full scale adjusts required 
B Standard 28-pin DIP 
B Temperature range -40°C to -t-85°C 


Connection Diagram 


*ONoCZ 

1 

0 

28 

□ VREf (CHI) 

™CI 

2 


Z] Vcc 

obtQ 

3 

26 

121 CHO 

DB6Q 

4 

2S 

□ CH2 

dbsQ 

S 

24 

□ CH3 

DB4[^ 

6 

23 

2]CH4 

dbbQ 

7 

22 

^CH5 

obzQ 

8 

21 

12] PO (CH10) 

DBl[^ 

9 

20 

□ PI (CHID 

dboQ 

10 

19 

2] P2 (CHO) 

R/WC 

11 

18 

2] P3 (CH9) 

*2 CLOCK 

12 

17 

2] P4 (CH6) 

RSl[^ 

13 

16 

21 P5 (CH7) 

CSC 

14 

15 

2]re1et 


TOP VIEW 

TL/F/5508-1 


Block Diagram 


CHO, 11 11 
CHZ-CH11 -V«VM 
P0-P5 



DIGITAL 
DATA 
REGISTER 
(READ ONLY) 




7 ^ 


Ordering Information 


Error 

+ 'k Bit Unadjusted 

ADC0829BCN 

+ 1 Bit Unadjusted 

ADC0829CCN 

Package Outline 

N28B 


VREf 


8-BIT A/0 

SUCCESSIVE 

APPROXIMATION 

■ 

a 

■ 

EOC 

ANALOG 

DATA 

■ 


REGII 

(READ 

STER 

ONLY) 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

Supply Voltage, Vcc (Note 3) 6.5V 

Voltage 

Logic Inputs -0.3V to Vqc + 0.3V 

Analog Inputs -0.3V to Vcc + 0.3V 

Storage Temperature -65°Cto + 150°C 

Package Dissipation at = 25°C (Board Mount) 

Lead Temperature (Soldering, 10 seconds) 300“C 


Input Current Per Pin 
Package 


±5 mA 
+ 20 mA 


Operating Ratings (Notes 1 and 2) 

Supply Voltage, Vcc '^dc Vqc 

Temperature Range -40°Cto + 85°C 


Converter and Multiplexer Electrical Characteristics vcc=5Vdc=vref{+). vref(-)=gnd, 

SCLK 4>2 = 1.048 MHz, -40°C ^ T^ + 85°C unless otherwise noted. 


Total Unadjusted Error; (Note 3) 
ADC0829BCN 
ADC0829CCN 


Vref Forced to 5.000 Vqc 
Vref Forced to 5.000 Vqc 


(Note 4) V(+)orV(-) 


Reference Input Resistance 


Analog Input Voltage Range 


Vref( + ) Voltage, Top of Ladder Measured at REF(+) 


YMEilLlYREFlzlvoltage. 

Center of Ladder 


Vref(-) Voltage, 
Bottom of Ladder 


Iqff, Channel 
Leakage Current (Note 6) 


loN,On Channel 
Leakage Current (Note 6) 



Measured at REF(-) 


ON Channel = 5V 
OFF Channel =0V 


ON Channel =0V 
OFF Channel = 5V 


ADC0829BCN 


ADC0829CCN 


ADC0829BCN 


ADC0829CCN 




±400 

nA 

±1 

fA 

±400 

nA 

±1 

fxA 


AC Characteristics Vcc=Vref{+) = 5V, tr=tf = 20 ns and Ta=25°C (Note 7) unless otherwise noted. 


Parameter 


tcYc(4>2). <l >2 Clock Cycle Time (1 /f * 2 ) 


PWH(<j> 2 ). ‘f >2 Clock Pulse Width, High 


PWl(<|) 2 ). <i >2 Clock Pulse Width, Low 


tr(4>2), 4*2 Rise Time 


ff(4*2)> 4>2 Fall Time 


tAS. Address Set Up Time 


toDR Data Delay (Read) 


fosw. Data Delay Setup (Write) 


tAH. Address Hold Time 


toHW. Input Data Hold Time 


foHR. Cutput Data Hold Time 


Analog Channel Settling Time 


tc. Conversion Time 


Conditions 



RSI.R/W.CS 


DB0-DB7 


DB0-DB7 


RSI.R/W, CE 


DB0-DB7 


DB0-DB7 
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Digital and DC Characteristics Vcc = 4.5V to 5.5V and -40 °C^Ta^ 85°C unless othenvise noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Bus Control Inputs (R/W, ENABLE RESET, RS1 , CS) and Peripheral Inputs (P0-P5) 

V|n( 1), Logical “1” Input Voltage 


2.0 



V 

V|n( 0), Logical “0” Input Voltage 




0.8 

V 

I|N, Input Leakage Current 




±1 

fiA 


4>2 CLOCK INPUT 


V|n( 1), Logical "1” Input Voltage 


00 

0 

1 

o 

o 

> 



V 

V|n( 0), Logical“0”jnput Voltage 




0.4 

V 

Data Bus (DB0-DB7) 

I 

V(|m( 1), Logical “1 ’’ Input Voltage I 


2.0 




V|n( 0), Logical “0" Input Voltage 




0.8 


•out. TRI-STATE® Output Current 

VoUT=0V 



-10 

fiA 

Vout=5V 



10 

fj,A 

Vout(1). Logical “1 " Output Voltage 

l0UT~ “1-6 mA 

2.4 



V 

Vout(O), Logical "0” Output Voltage 

•oUT'^ l-S mA 



0.4 

V 

Power Supply Requirements 

Icc. Supply Current 




10 

mA 


Note 1: Absolute Maximum Ratings are those values beyond which the life of device may be impaired. 

Note 2: Ail voltages are measured with respect to ground. 

Note 3: Total unadjusted error includes offset, full-scale, linearity, and multiplexer error. 

Note 4; For V|n( -) ^ V|n( + ) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input 
voltages one diode drop beiow ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near fuii-scale. The spec allows 100 mV forward 
bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 100 mV, the output code will be correct. To 
achieve an absolute 0 Vdc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.90 Vqc over temperature variations, initial tolerance 
'and loading. 

Note 5: Typicals are at 25'’C and represent most likely parametric norm. 

Note 6; Off channel leakage current is measured after the channei selection. 

Note 7: The temperature coefficient is 0.3%/'C. 



















































Pin Description 

ANALOG AND DIGITAL INPUTS 
CHO, CH2-CH5 — These are dedicated analog inputs. They 
are fed directly to the internal 12 to 1 multiplexer which 
feeds the A/D converter. 

P0-P5/CH6-CH11 — These 6 pins are dual purpose and may 
be used as either TTL compatible digital inputs, or analog 
inputs. When used as digital inputs they may be read via the 
discrete input register. When they are used as analog inputs 
they function like CH-0, CH2-5. 

MICROPROCESSOR INTERFACE SIGNALS 
DB0-DB7 — The bi-directional data lines for the data bus 
connect to the ^iP's main data bus to enable data transfer to 
and from the ^P. DB0-DB7 remain in a high impedance 
state unless the ADC0829 is read. 
ip 2 Clock — This signal is used for two purposes. First it syn- 
chronizes data transfer in and out of the ADC. Second, it is 
the master clock for the A/D converter logic and all other 
timing signals are derived from it. 

R/W— The read/write pin controls the direction of data 
transfer on D0-D7. 

RESET — A low on this pin forces the ADC0829 into a 
known state. The start bit is cleared, Channel CHO is select- 
ed and the internal byte counter is reset to the MS Byte. The 
A/D data register is not reset. Reset must be held low for at 
least three clocks. 

CS — Chip Select must be low in order for data transfer be- 
tween the ADC0829 and the p,P to occur. 

RSI— The Register Select pin is used to address the inter- 
nal registers. 

POWER SUPPLY PINS 

Vcc — This is the positive 5V supply pin. It powers the digital 
load and the sample data comparator. Care should be exer- 
cised to ensure that supply noise on this pin is adequately 
filtered, by using a bypass capacitor from Vcc to Dqnd- 
Dqnd — Digital ground should be connected to the systems 
digital ground. 

Vref snd Aqrd — ^T he positive reference pin attaches to 
the top of the 256R resistor ladder and sets the full scale 
conversion voltage value. The Aqnd connects to the bot- 
tom of the ladder. The conversion result is ratiometric to 
Vref • Aqnd and hence both Vref and Aqnd should be 
noise free. Ideally the Vref and Agnd should be single 
point connected to the analog transducer's supply. The 
Vref and Aqnd voltages typically are 5V and Ground but 
they may be varied so long as (Vref-Agnd)''2 = 
Vcc/2±0.1V. 

Functional Description ^ 

1.0 CONTROL LOGIC 

The Control Logic interprets the microprocessor control sig- 
nals and decodes these signals to perform the actual func- 
tions of selecting, reading, writing, enabling the outputs, etc. 


2.0 STATE DESCRIPTIONS 

There are three internal states within the A/D converter: the 
NO OP state: the sample state; and the converting state. 
The NO OP state is a stable state since the external stimu- 
lus (e.g. start conversion signal) is needed for a state tran- 
sition. 

The first transient state is sampling the input. The first 32 
clocks of the conversion are used for acquiring the channel; 
this settling time allows any transients to decay before con- 
version begins. The second transient state is the actual con- 
version. The conversion is completed in 256 clocks and the 
conversion results register is updated. The converter then 
returns to the stable NO OP state awaiting further instruc- 
tions. 

The device has no comparator bias current and draws mini- 
mal power during the NO OP state. 

3.0 INITIALIZATION 

The device is initialized by an active low on RESET. All out- 
puts are initialized to the inactive state and the converter 
pla ced in i ts NO OP state. The data register is not affected 
by RESET. System TRI-STATE outputs are initialized to the 
high impedance state. 

4.0 CONVERSION CONTROL 

The program normally initiates a conversion cycle with a 
double write command. (See control word format.) The con- 
trol word selects a channel, configures the peripheral I/O, 
and provides peripheral data information. The conversion is 
initiated by setting the SC bit in the control word high. 

The converter then resets the start conversion bit and be- 
gins the conversion cycle. 

When the conversion is complete and the new conversion 
results transferred to the data register, the status bit is set. 
The status bit is not reset when the conversion status is 
read. A full double byte write into the c ontrol w ord will reset 
the status bit, or a low level at master RESET. 

If a new conversion command occurs during a conversion, 
the conversion is aborted and a new channel acquisition 
phase will immediately begin. 

5.0 CONTROL STRUCTURE 

The control logic continually monitors the control bus wait- 
ing for CS to go low and 4)2 to go high. When this condition 
occurs, the internal decoder, which has already selected the 
proper function, activitates. 

The byte counter will always select the most significant (MS) 
half first, and the least significant (LS) half second. Single 
byte instructions will always access the MSB portion of any 
word. After a single byte instruction the byte counter will 
return to the MSB portion of a word when CS is high for a 
full clock cycle. A 16-bit read or write is accomplished by 
using a 1 6-bit load or store instruction which transfers each 
byte on consecutive clock cycles. This timing is shown in 
Figure 1. A single byte instruction is especially useful for 
reading the status bit during a polled interrupt. Figure 2 
shows the basic A/D conversion timing sequence and flow. 
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Functional Description (Continued) 




FIGURE 1. Timing for a Typical juP 8 Byte Access 
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Functional Description (Continued) 

6.0 WORD FORMAT 

6.1 Control Register Word Format 




4 - 

MSB Word -*• 

LSB WORD -» 

DB7 DBg DBg DB4 DB3 DB2 DB-| DBq 

1 1 1 1 1 1 1 

DB7 DBg DBg DB4 DB3 DB2 DB^ DB(; 

x 

X 

X 

X X X X 

„ „ „ A3 A2 At AO 

CH 3 CH 2 CH 1 CHC 


X: 

Don’t Care 

SC: 

Start Conversion 

1 = Start new conversion 

0 = Do not start new conversion 

CH3-CH0: 

Channel Address 

Hex Value 

Definition 

0 

Select CHO 

1 

Select Vref(-f-) 

2-5 

Select Channels CH2-CH5 

6-9 

Undefined 

A-F 

Select CH7-CH10 


6.2 Conversion Results Register Word Format 

♦- MSB Word -» <- LSB WORD 

3B7 DBo DB5 DB4 DB3 DB2 DB^ DBq DB7 DBg DB5 DB4 DB3 DB2 DB^ DB{ 

SOOOOOOO Cj Cq C5 C4 C3 C2 C-] Co 


S: Status 

1 = Data is valid 

(conversion complete) 

0 = Data is not valid 
C 7 -C 0 : 8 bit converted result 

6.3 Discrete Input Word Format 

•«- MSB Word ->■ ■*- LSB WORD 

DB7 DBg DB5 DB4 DB3 DB2 DB^ DBq DB7 DBg DB5 DB4 DB3 DB2 DB^ DB^ 

P 5 P 4 I P 3 P2 I P1 I PO |cH3|cH2 CHlIcHol 0 I 0 I 0 I 0 I 0 | 0 


7.0 ANALOG TO DIGITAL CONVERTER 

The ADC0829 A/D Converter is composed of three major 
sections: the successive approximation register (SAR); the 
256R ladder and analog decoder; and the sample-data 
comparator. 

7.1 Successive Approximation 

The analog signal at the A/D input is compared eight times 
to various ladder voltages to determine which of the 256 
voltages in the ladder most closely approximates the input 
voltage. This stochastic technique is accomplished by con- 
verging on the proper tap in the ladder by simple iterative 
convergence. There are nine posting registers in the SAR 
which contain the position of the bit being tested and eight 
latching registers which remember if the comparison was 
high or low. Starting with the MSB and continuing downward 
each bit is set high by the posting register. The analog tree 
decoder selects the corresponding tap in the ladder and the 
A/D input is compared to that voltage. If the comparison is 
positive the latch remains set, so higher voltages in the lad- 
der are checked next. If the comparison is negative the bit is 
reset so lower ladder voltages are sought. 

After all eight comparisons are made, the contents of the 
latching register are transferred to a data register, thus the 
A/D can perform a new conversion while the previous re- 
sults remain available. 

7.2 256R Ladder 

The ladder is a very accurate voltage divider which divides 
the reference voltage into 256 equal steps. Special consid- 
eration was given to the ladder terminations at each end, 
and also the center, to ensure consistent and accurate volt- 
age steps. The use of a 256R ladder guarantees monotonic- 
ity since only a single voltage gradient across the ladder 
exists. Shorted or unequal resistors in the ladder may cause 
non-uniform steps but cannot cause a nonmonotonic re- 
sponse so often fatal in closed loop system applications. 
(See Figure 3.) 

CONTROLS 
FROM S.A.R. 


CH3-CH0: Status of channel address 

P5-P0: Status of P5-P0 interpreted as 

discrete digital inputs 

ADU ADDRESS SELECTION 


cso* 

R/W 

RSI 

Description 

1 

X 

X 

Do not respond 

0 

0 

0 

Write NO OP 

0 

0 

1 

Write Control Word 

0 

1 

0 

Read Conversion Results 

0 

1 

1 

Read Discrete Inputs 


Note; All words are transferred as two 8-bit bytes, MSB transferred first LSB 
transferred second. 



TO 

'COMPARATOR 

INPUT 


FIGURE 3. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

Actually of the 256 resistors in the ladder, 254 have the 
same value while the end point resistors are equal to 1- 
1/2R and 1/2R. This ensures the system output character- 
istic is symmetrical with the zero and full scale points of its 
input to output, or transfer curve. 

The tree decoder routes the 256 voltages from the ladder to 
a single point at the comparator input. This allows compari- 
sons between the A/D input and any voltage the SAR di- 
rects the decoder to route to the comparator. 

Since the ladder is dependent upon only the matching of 
resistors, the voltages it generates are very stable with tem- 
perature and have excellent repeatability and long term drift. 

8.0 MULTIPLEXER 

8.1 Analog Inputs 

The analog multiplexer selects one of 1 1 channels and di- 
rects them to the input of the A/D converter. The multiplex- 
er was designed to minimize the effects of leakage currents 
and multiplexer output capacitance. 

Special input protection is used to prevent damage from 
static voltages or voltages exceeding the specified range 
from -O.SV to Vcc+O.SV. However, normal precautions 
are recommended to avoid such situations whenever 
possible. 

8.2 Digital Inputs 

Six of the analog inputs can also be used as digital inputs to 
sense TTL voltage levels. Care must be taken when these 
inputs are interpreted since TTL levels may not always be 
present. 

8.3 A/D Comparator 

Probably the most important section of the A/D converter is 
the comparator since the comparator’s offset voltage and 
stability determine the converter’s ultimate accuracy. The 
low voltage offset of the chopper-stabilized comparator of 
this converter optimizes performance by minimizing temper- 
ature dependent input offset errors as well as drift. 

The dc signal appearing at the amplifier input is converted 
to an ac signal, amplified by an ac amplifier and restored to 
a dc signal. The drift of the comparator is minimized since 


the drift signal is a dc component blocked by the ac amplifier. 
The comparator has very high input impedance to dc volt- 
ages since it looks like a capacitor. Because the comparator 
is chopping the dc voltages at the input, the difference be- 
tween the A/D input voltage and ladder voltage appears on 
the comparator’s input capacitor. The input voltage differ- 
ence, chopping frequency, and comparator input capacitor 
causes a CVF current. The CVF current is a small bias cur- 
rent which will not produce any error when the A/D input is 
connected to a low impedance voltage source. If the volt- 
age source has an output impedance of less than 10k, the 
error is still insignificant since the bias current exponentially 
decays. 

Adding a capacitor to the input of the comparator integrates 
the exponential charging current converting it into dc bias 
current. (See Figure 1.) Two main considerations on the in- 
tegration capacitor are charge sharing with a filter capacitor 
and settling time. 

9.0 BUS INTERFACE 

The ADC0829 communicates to the microprocessor 
through an 8-bit I/O port. The I/O port Is composed of a 
TTL to CMOS buffer and a TRI-STATE output driver. 

The TTL to CMOS Buffer translates the TTL voltage levels 
into CMOS levels very rapidly and is quite stable with supply 
and temperature. The buffer has a small amount of hystere- 
sis (about 100 mV) to improve both noise immunity and in- 
ternal rise and fall times. 

The TRI-STATE bus driver is a bipolar and N-channel pair 
that easily drive the bus capacitance. Since the bus drivers 
collectively can sink or source a quarter of an amp total, a 
non-overlap circuit is used which guarantees that only one 
of the two drive transistors is on at a time. 

Since this output drives the bus capacitance, even the non- 
overlapping circuit cannot prevent noise on Vcc- The 
amount of noise depends bn the Vcc current used to 
charge the bus capacitance. 

The external filter capacitor on Vcc provides some of the 
transient current while the bus is being driven. A capacitor 
with good ac characteristics and low series resistance is a 
good choice to prevent Vcc transients from affecting 
accuracy. 


in Information 


Recommended Supply 



VlN (V) TL/F/5508-8 


ViN (V) TL/F/5508-9 
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ADC083 1 /ADC0832/ADC0834/ ADC0838 


National 

Semiconductor 


ADC0831, ADC0832, ADC0834 and ADC0838 (COP431, 
COP432, COP434 and COP438) 8-Bit Serial I/O A/D 
Converters with Multiplexer Options 


General Description 


The ADC0831 series are 8-bit successive approximation 
A/D converters with a serial I/O and configurable input mul- 
tiplexers with up to 8 channels. The serial I/O is configured 
to comply with the NSC MICROWIREtm serial data ex- 
change standard for easy interface to the COPStm family of 
processors, and can interface with standard shift registers 
or )iiPs. 

The 2-, 4- or 8-channel multiplexers are software configured 
for single-ended or differential inputs as well as channel as- 
signment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 

Features 

■ NSC MICROWIRE compatible — direct interface to 
COPS family processors 

■ Easy interface to all microprocessors, or operates 
“stand-alone” 


Typical Application 


/!/ I /I/ I 

Tl T2 


TRANSDUCERS 
(ANALOG VOLTAGES) 


■ Operates ratiometricafly or with 5 Vdc voltage refer- 
ence 

■ No zero or full-scale adjust required 

■ 2-, 4- or 8-channel multiplexer options with address 
logic 

■ Shunt regulator allows operation with high voltage 
supplies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ T2L/MOS input/output compatible 

■ 0.3” standard width, 8-, 14- or 20-pin DIP package 


Key Specif ications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 
H Low Power 

■ Conversion Time 


8 Bits 

± Vz LSB and ± 1 LSB 
5 Vpc 
15 mW 
32 fiS 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

Current into V+ 10 mA 

Supply Voltage, Vcc (Note 3) 6.5V 

Voltage 

Logic Inputs - 0.3V to + 1 5V 

Analog Inputs - 0.3V to Vcc + 0-3V 

Input Current per Pin ± 5 mA 

Package ±20 mA 

Storage Temperature -BS^C to + ISO^C 

Package Dissipation atTA = 25°C (Board Mount) 0.8W 
Lead Temperature (Soldering, 1 0 seconds) 300°C 


Operating Ratings (Notes 1 and 2) 

Supply Voltage, Vcc 4.5 Vqc to 6.3 Vqc 

Temperature Range T^in^Ta^Tmax 

ADC0831 BJ, ADC0832BJ, - 55°C to + 1 25°C 

ADC0834BJ, ADC0838BJ 

ADC0831BCJ, ADC0831CCJ, -40'’C to + 85°C 

ADC0832BCJ, ADC0832CCJ, ADC0834BCJ, 
ADC0834CCJ, ADC0838BCJ, ADC0838CCJ 
ADC0831BCN,ADC0831CCN, -O'Cto +70°C 

ADC0832BCN, ADC0832CCN, ADC0834BCN, 
ADC0834CCN, ADC0838BCN, ADC0838CCN 


Converter and Multiplexer Electrical Characteristics 

The following specifications apply for Vcc = V + fcLK = 250 kHz unless otherwise specified. Boldface limits apply from 

Tmin ^0 TfjiAx; all other limits TA = Tj = 25°C. 



ADC083_BJ 

ADC083_BCJ 

ADC083_CCJ 

ADC083_BCN 

ADC083_CCN 

Limit 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 

Limit 

(Note?) 

Units 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 


Vref=5.00 Vdc 
(N ote 4) 


ADC083_BCN 

ADC083_BJ 

ADC083_BCJ 

ADC083_CCN 

ADC083_CCJ , 


Minimum Reference 
Input Resistance 


Maximum Reference 
Input Resistance 


Maximum Common-Mode Input 
(Note 5) 


Minimum Common-Mode Input 
(Note 5) 


DC Common-Mode Error 


Power Supply Sensitivity 


Iqff. Ott Channel Leakage 
Current (Note 6) 


Iqn. On Channel Leakage 
Current (Note 6) 




±1 LSB 
LSB 


1.2 kn 


On Channel = 0V 
Off Channel = 5V 


On Channel = 0V 
Off Channel = 5V 


On Channel = 5V 
Off Channel = 0V 


Vcc +0.05 

Vcc +0.05 

GND -0.05 

GND -0.05 

iy* 

±y4 

±y8 

±y8 

-0.05 

-1 

0.05 

1 

-0.20 

-1 

0.20 

1 
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Converter and Multiplexer Electrical Characteristics (Continued) 

The following specifications apply for Vcc = V+ =5V, and fcLK = 250 kHz unless otherwise specified. Boldface limits apply from 
T(^|N to TiviaxI all other limits TA = Tj = 25°C. 



ADC083_BJ 

ADC083_BCJ 

ADC083_CCJ 

ADC083_BCN 

ADC083_CCN 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 



DIGITAL AND DC CHARACTERISTICS 


Vcc = 5.25V 


V|N(i), Logical “1" Input 
Voltage (Min) 


V|N(o), Logical “0" Input 
Voltage (Max) 


I|N( 1 )- Logical "1” Input 
Current (Max) 


l|N(0). Logical “0" Input 
Current (Max) 


VouT(i). Logical "1” Output 
Voltage (Min) 


Vcc = 4.75V 


V|n = 5.0V 


V|N = 0V 




Vcc = 4.75V 
l 0 UT= l-S mA 


VoUT = 0V 
Vout=5V 


VoUT^OV 


VouT(O). Logical “0" Output 
Voltage (Max) 


louT> TRI-STATE Output 
Current (Max) 


IsouRCE. Output Source 
Current (Min) 


Isink. Output Sink Current (Min) VouT^Vcc 


Icc. Supply Current (Max) 
ADC0831,ADC0834, 
ADC0838 
ADC0832 


AC Characteristics The following specifications apply for Vcc = 5V, tr= tf = 20 ns and 25°C unless otherwise specified. 



Typ 

(Note 4) 


Tested 
Limit 
(Note 5) 




Design 
Limit 
(Note 6) 




tc, Conversion Time 


Clock Duty Cycle 
(Note 7) 


tsET-UPi OS Falling Edge or 
Data Input Valid to CLK 
Rising Edge 


tnoLD. Data Input Valid 
after CLK Rising Edge 


tcSPWt Minimum CS High 
Internal 


tpdl. tpdo— CLK Falling 
Edge to Output Data Valid 
(Note 8) 


tiH. toH— Rising Edge of 
CS to Data Output and 
SARS Hi-Z 


C|N, Capacitance of Logic 
Input 


CouT. Capacitance of Logic 
Outputs 



Cl = 100 pF 
Data MSB First 
Data LSB First 


CL = 10pF,RL=10k 

(see TRI-STATE® Test Circuits) 
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Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: An internal zener diode exists from Vcc fo GND on the V + and Vcc inputs. The breakdown of these zeners is approximately 7V. The V + zener is intended 
to operate as a shunt regulator and connects to the Vcc via a diode. When using this regulator to power the A/D, this diode guarantees the Vcc input to be 
operating below the zener voltage (7V-0.6V). It is recommended that a series resistor be used to limit the maximum current into the V + input. 

Note 4: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 

Note 5: For V|n(-)s V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V(n does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature 
variations, initial tolerance and loading. 

Note 6; Leakage current is measured with the clock not switching. 

Note 7: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 p.s. 

Note 8: Since data, MSB first. Is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to allow 
for comparator response time. 


Typical Performance Characteristics 


Unadjusted Offset Error 
vs Vref Voltage 

— t-H VlN( + ) = V|N( - ) = OV ■ 

Vos = 2 mV 


0.1 1.0 
Vref (Voc) 


Linearity Error vs Vref 
V oltage 










(250 kHz) 






_ 





L 




Linearity Error vs 
Temperature 



-100 -so 0 so 100 ISO 

TEMPERATURE ('C) 


Linearity Error vs fcLK 


Vref 

— 

= 5V 
= 5V . 




n 





ES'C 

L 





I 






7 



10 100 200 300 400 SOO 600 
ICLK (kHz) 


Power Supply Current 
vs fcLK 



100 200 300 400 SOO 

ICLK(kHz) 


Power Supply Current vs 
Temperature (ADC0838, 
ADC0831,ADC0834) 



Output Current vs 
Temperature 


Vcc = 5 Voc 

I I 

IsiNX Vdc = 5V 


ISOURCE VdC=0V 


ISDURCE Voc = 2.4V 


-75 -50-25 0 25 50 75 100 125 -100 -50 0 50 100 125 

TEMPERATURE ('C) TEMPERATURE (°C) 

Note: For ADC0832 and Iref 

Leakage Current Test Circuit 


CHANNEL 
VOLTAGE T 
SELECT T" 


CH A (ON CHANNEL) 

CHB ' 


CHC 

OFF 

• 

CHANNELS 

• 


• 
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6-86 







6-87 


ADC0831/ADC0832/ADC0834/ADC0838 





6-88 


ADC0838 Timing 


ADC0831/ADC0832/ADC0834/ADC0838 




•Make sure clock edge #18 clocks In the LSB before SE is taken low 


Timing Diagrams (Continued) 




Some of these functions/pins are not available with other options. 



888000 V/trESOOaV/SeSOOaV/ 1. £8000 V 


ADC0838 Functional Block Diagram 























Connection Diagrams 


ADC0838 8-Channel MUX 
Dual-ln-Line Package 



TOP VIEW 


ADC0832 2-Channel MUX 
Dual-ln-Line Package 



TOP VIEW 


COM internally connected to GND. 
Vref internally connected to Vcc- 


ADC0834 4-Channel MUX 
Dual-ln-Line Package 



TOP VIEW 

COM internally connected to A GND 


ADC0831 Single Differential Input 
Dual-ln-Line Package 



TL/H/5583-B 
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Applications 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a sample-data com- 
parator structure which provides for a differential analog in- 
put to bo converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned “-f-” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned "-f ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or a new pseudo-differential op- 
tion which will convert the difference between the voltage at 
any analog input and a common terminal. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 


selected as a different pair. Channel 0 or 1 cannot act differ- 
entially with any other channel. In addition to selecting dif- 
ferential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing tables for the various product options. 

The MUX address is shifted into the converter through the 
Dl line (because the ADC0831 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing). 

The common input line on the ADC0838 can be used for a 
pseudo-differential input. In this mode, the voltage on this 
pin is treated as the input for any of the other input 
channels. This voltage does not have to be analog ground: 
it can be any reference potential which is common to all of 
the inputs. This feature is most useful in single-supply appli- 
cation where all of the analog circuitry may be biased up to 
a potential other than ground and the output signals are all 
relative to this potential. 


TABLE 1. MULTIPLEXER/PACKAGE OPTIONS 
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Applications (Continued) 


TABLE II. MUX ADDRESSING: ADC0838 


Single-Ended MUX Mode 






Differential MUX Mode 


MUX Address 


Analog Differential Channel-Pair # 


SGL/ 

ODD/ 

SELECT 

0 

1 

2 

3 

DIF 

SIGN 

1 


■i 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

+ 

- 







0 

0 

0 

1 



+ 

- 





0 

0 

1 

0 





+ 

- 



0 

0 

1 

1 







+ 

- 

0 

1 

0 

0 

- 

-1- 







0 

1 

0 

1 



- 






0 

1 

1 

0 





- 

+ 



0 

1 

1 

1 , 







- 

-1- 



TABLE III. MUX ADDRESSING: ADC0834 
Single-Ended MUX Mode 


MUX Address 



SELECT 


1 


0 


1 


0 


T 


Differential MUX Mode 



MUX Address 

SGL/ 

ODD/ 

SELECT 

DIF 

SIGN 

1 

0 

0 

0 

0 

0 

r 

0 

1 

0 

0 

1 

1 


COM is internally tied to A GND 


TABLE iV. MUX ADDRESSING: 
ADC0832 

Single-Ended MUX Mode 


Channel # 


MUX Address 

SGL/ 

ODD/ 

DIF 

SIGN 

1 

0 

1 

1 



COM is internally tied to A GND 


Differential MUX Mode 


MUX Address 


SGL/ ODD/ 
DIF SIGN 


Channel # 


1 
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Applications (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 

8 Single-Ended 




— 

+ 

+ 











i 



ting highly noise immune digital data back to the host proc- 
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate diagram is shown of each device. 

1. A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit is the first logic “1" that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 2 to 4 bits to be the MUX assign- 
ment word. 

8 Pseudo-Differential 



















COM(-) 

■k- 


4 Differential 


Mixed Mode 






+ (-) 

0 , 1 ' 







-( + ) 

+ (-) 

2 , 3 - 



-( + ) 




+ (-) 



-( + ) 



+ (-) 



-( + ) 








FIGURE 1. Analog Input Multiplexer Options for the ADC0838 
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Applications (Continued) 

4. When the start fait has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversCon is about to begin. An interval of 1 full clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the D1 line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods, the conversion is completed and 
the SAR status line returns low to indicate this. 

8. If the programmer prefers, the data can be provided in an 
LSB first format [this makes use of the shift enable (SE) 
control line]. All 8 bits of the result are stored in an output 
shift register. On devices which do not include the SE con- 
trol line, the data, LSB first, is automatically shifted out the 
DO line, after the MSB first data stream. The DO line then 
goes low and stays low until CS is returned high. On the 
ADC0838 the SE line is brought out and if held high, the 
value of the. LSB remains valid on the DO line. When SE is 
forced low, the data is then clocked out LSB first. The 
ADC0831 is an exception in that its data is only output in 
MSB first format. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 


The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl input is only “looked-at” during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

All of the logic inputs can be taken to 15V independent of 
the magnitude of the supply voltage, Vcc- 

3.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input to these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between V|n(h/ax) and V|N(miN)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 2.4 kfl. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the Vrep pin 
can be tied to Vcc (done internally on the ADC0832). This 
technique relaxes the stability requirements of the system 
reference as the analog input and A/D reference move to- 
gether maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
The LM385 and LM336 reference diodes are good low cur- 
rent devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vref/ 
256). 


ADC0834 Vref 


A0C0832 Vref I 


GNO 



LZZZI 



a) Ratiometric 


b) Absolute with a Reduced Span 
FIGURE 2. Reference Examples 
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Applications (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which othenwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
Inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“-t-” input and then the input is Vi of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 


Verror(rn^)~ Vpeak(27rfcM) ^ I ^ 


where fcM is the frequency of the common-mode signal, 
Vpoak is its peak voltage value 
and fcLK* is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a Vi LSB 
error ( = 5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 
Due to the sampling nature of the analog inputs short spikes 
of current enter the "-i-" input and exit the input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kH. 
This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 (j,A over temperature will 
create a 1 mV input error with a 1 kll source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Viim(min), is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) input at this V|n(iviin) value. This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n(-) input and applying a small 
magnitude positive voltage to the V|n( + ) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal Vz LSB value 
(Vi LSB = 9.8 mV for Vref = 5.000 Vpc). 


5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vi LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input or Vcc ^or a digital output code 
which is just changing from 1111 1 1 10 to 1 1 1 1 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n (+) voltage which 
equals this desired zero reference plus Vi LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana- 
log span/256) is applied to selected input and the zero 
reference voltage at the corresponding input should 
then be adjusted to just obtain the OOrex fo 01 hex code 
transition. 

The full-scale adjustment should be made [with the proper 
V|n(-) voltage applied] by forcing a voltage to the V|n( + ) 
input which is given by: 

V|,(+).sadi.VM.x-1.5[ '^"“~;”’ ] 


Vmax == 1*^0 high end of the analog input range 
and 

Vmin = Ihe low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vref (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADCO038 and ADC0834 is the inclu- 
sion of a 6.8V zener diode connected from the V+ terminal 
to ground which also connects to the Vcc terminal (which is 
the actual converter supply) through a silicon diodOj as 
shown in Figure 3. 


Vcc 

ACTUAL 
' CONVERTER 
SUPPLY 



FIGURE 3. An On-ChIp Shunt Regulator Diode 
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Applications (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to' be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vcc supply for the converter 



to be derived from the clock. The low current requirements 
of the A/D (~3 mA) and the relatively hi^h clock frequen- 
cies used (typically in the range of 10k-400 kHz) allows 
using the small value filter capacitor shown to keep the rip- 
ple on the Vcc line to well under % of an LSB. The shunt 
zener regulator can also be used in this mode. This requires 
a clock voltage swing which is in excess of 7V. A current 
limit for the zener is needed, either built into the clock gen- 
erator or a resistor can be used from the CLK pin to the V+ 
pin. 

12V 



FIGURE 4. Operating with a Temperature 
Compensated Reference 


FIGURE 5. Using the A/D as the System Supply 
Regulator 


5V 

0 


too kHz 
CLOCK 

jir 



FIGURE 6. Generating Vcc from the Converter Clock 



Vcc 


V* 


CLOCK 

+ 

ADC0834 ^ 


t)l 

- 

00 


GND 


CL 


10,<F 


% 


-<CLK 

■<C5 


DI/00 

-^CND 


TL/H/5583-12 

FIGURE 7. Remote Sensing—Clock and Power 
on 1 Wire 
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Applications (Continued) 

Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 



TL/H/5583-13 


COP CODING EXAMPLE 

8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

Instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START: 

ANL 

PI, #0F7H 

SELECT A/D (CS = 0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTER >(- 5 

OGI 

G0 = 0(CS = 0) 


MOV 

A, #ADDR 

A -<- MUX ADDRESS 

CLRA 

CLEARS ACCUMULATOR 

LOOP1: 

RRC 

A 

CY -t- ADDRESS BIT 

AISC1 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




B1T=0 


AND STARTS SK CLOCK 

ZERO: 

ANL • 

PI, #0FEH 

DI-(-0 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT=1 

NOP 

— 

ONE: 

ORL 

P1, #1 

Dl<-1 

XAS 

LOADS MUX ADDRESS FROM 

CONT: 

CALL 

PULSE 

PULSESK0-> 1 ->0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

T 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BITCOUNTER^8 

4. 


LOOP 2: 

CALL 

PULSE 

PULSE SK0-> 1 ->0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY<t- DO 


INTO ACCUMULATOR 


RRC 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLRA 

CLEARS ACCUMULATOR 


MOV 

A,C 

A -t- RESULT 

RC 

C = 0 


RLC 

A 

A(0) <-BIT AND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C, A 

C RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0=1 (CS=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE: 

ORL 

P1, #04 

SK<- 1 




NOP 


DELAY 




ANL 

PI, #0FBH 

SK^-0 




RET 




6-97 


ADC0831/ADC0832/ADC0834/ADC0838 






ADC083 1 /ADC0832/ADC0834/ADC0838 


Applications (Continued) 

A “Stand-Alone” Hook-Up for ADC0838 Evaluation 


MUX XOORESS 



For all other products tie to 
pin functions as shown. 


Low-Co8t Remote Temperature Sensor 

I5v5c» 



TL/H/5583-14 
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Applications (Continued) 

Obtaining Higher Resoiution 



TL/H/5583-17 

Controller performs a routine to determine which input polarity (9-bit example) or which channel pair (10-bit example) provides a non-zero output code. This 
information provides the extra bits. 

a) 9-Bit A/D b)10-BitA/D 

Protecting the Input 




DO=all 1s if +V|N>-V|N 
DO=all Os if +V|N<-V|N 
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Digital Load Cell 



TL/H/5583-19 

• Uses one more wire than load cell itself . 

• Two mini-OlPs could be mounted Inside load cell for digital output transducer 

• Electronic offset and gain trims relax mechanical specs for gauge factor and offset 

• Low level cell output is converted immediately lor high noise immunity 
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Two Wire Interface for 8 Channels 


> 

■a 

■o 




• No additional connections 

• CS derived from extended high on CLK line>100(<s nru LTLTLT 

• Timing arranged for 40 kHz, could be changed up or down by component change 

• 10% CLK frequency change without component change OK 









' simpler version of 8-channel 
' CS derived from long CLK pulse 


Ordering Information 


TL/H/5583-22 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0831 BJ 

ADC0831CJ 

ADC0831 BCN (COP431 BN) 

1 

±72 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

-55°Cto -l-125°C 
-40°Cto +85°C 
-O-Cto +70°C 

ADC0831CCJ 

ADC0831CCN (COP431CN) 

±1 

Hermetic (J) 
Molded (N) 

-40°Cto -f 85°C 

-O^Cto +70°C 

ADC0832BJ 

ADC0832BCJ 

ADC0832BCN (COP432BN) 

2 

±72 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

-SS'Cto +125°C 

-40°Cto -f-85°C 
-O-Cto +70'’C 

ADC0832CCJ 

ADC0832CCN (COP432CN) 

±1 

Hermetic (J) 
Molded (N) 

-40°Cto -f-85°C 

-O^Cto +70“C 

ADC0834BJ 

ADC0834BJ 

ADC0834BCN (COP434BN) 

4 

±72 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

-55“Cto +125°C 
-40°Cto -l-85°C 
-O'Cto 4-70°C 

ADC0834CCJ 

ADC0834CCN (COP434CN) 

±1 

Hermetic (J) 
Molded (N) 

-40'Cto +85'C 
-0'CtO+70”C 

ADC0838BJ 

ADC0838BCJ 

ADC0838BCN (COP438BN) 

8 

±72 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

-55°C to +125°C 
-40°Cto -l-85°C 

-O'Cto +70°C 

ADC0838CCJ 

ADC0838CCN (COP438CN) 

±1 

Hermetic (J) 
Molded (N) 

-40'’Cto +85'’C 
-O'Cto +70°C 


See NS Packages J08A, J14A, J20A, NOSE, N14A, N20A 
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ADC0833 


Nah'onal 

Semiconductor 


ADC0833 8-Bit Serial I/O A/D Converter with 4-Channel 
Multiplexer 


General Description 

The ADC0833 series is an 8-bit successive approximation 
A/D converter with a serial I/O and configurable input multi- 
plexer with 4 channels. The serial I/O is configured to com- 
ply with the NSC MICROWIREtm serial data exchange stan- 
dard for easy interface to the COPS^m family of processors, 
as well as with standard shift registers or juPs. 

The 4-channel multiplexer is software configured for single- 
ended or differential inputs when channel assigned by a 4- 
bit serial word. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 

Connection Diagram 


8 Bits 

± 1/2 LSB and ± 1 LSB 
SVqc 
■ 25 mW 
32 US 


Features 

■ NSC MICROWIRE compatible-direct interface to COPS 
family processors 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Works with 2.5V (LM336) voltage reference 

■ No full-scale or zero adjust required 

■ Differential analog voltage inputs 

■ 4-channel analog multiplexer 

■ Shunt regulator allows operation with high voltage sup- 
plies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ T2L/MOS input/output compatible 

■ 0.3" standard width 14-pin DIP package 


Functional Diagram 


Dual-In-Line Package 


1 

u 

2 

13 

3 

12 

4 

A0C0833 

11 

5 

10 

6 

9 

7 

8 


9 M V(IEF/2 
8 L1 A GNO 
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Absolute Maximum Ratings Operating Ratings (Notes 1 and 2) 

(Notes 1 and 2) ' Supply Voltage, Vcc 4.5 Vqc to 6.3 Vo 

Current into V + (Note 3) 15mA TemperaturO Range Tmin^Ta^Tm/i 

Supply Voltage. Vcc (Note 3) 6.5V ADC0833BJ, ADC0833CJ -55°C^Ta^125° 

Voltage ADC0833BCJ, ADC0833CCJ -40 °C^Ta^85° 

Logic Inputs -0.3Vto+15V ADC0833BCN, ADC0833CCN 0 °C^Ta^70° 

Analog Inputs -0.3V to Vcc + 0-3V 

Input Current per Pin ±5mA 

Storage Temperature -65°Cto + 150°C 

Package Dissipation at Ta = 25'C (Board Mount) 0.8W 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics The following specifications apply for Vcc= V + = 5V, fcLK=^ 250 kHz unless other- 
wise specified. Boldface limits apply from tK/iiN to t^Ax: all other limits Ta= T j = 25°C. 


Supply Voltage, Vcc 
TemperaturO Range 

ADC0833BJ, ADC0833CJ 
ADC0833BCJ, ADC0833CCJ 
ADC0833BCN, ADC0833CCN 


4.5 Vqc to 6.3 Vqc 
TmIN^Ta^TmaX 
-55“C^Ta^125°C 
-40°C^Ta^85°C 
0°C^Ta^70°C 



Conditions 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error Vref/2 Forced to 2.500 Vqc 

ADC0833BCN 
ADC0883BJ, BCJ 
ADC0833CCN 
ADC0833CJ, CCJ 


Minimum Total Ladder 
Resistance (Note 7) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Maximum Total Ladder 
Resistance (Note7) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Minimum Common-Mode 
Input Range (Note 8) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Maximum Common-Mode 
Input Range (Note 8) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


DC Common-Mode Error 
ADC0833BCJ/CCJ/BJ/CJ 
ADC0833BCN/CCN 


Power Supply Sensitivity 
ADC0833BCJ/CCJ/BJ/CJ 
ADC0833BCN/CCN 


Iqff. Channel Leakage 
Current (Note 9) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Typ 

(Note 4) 


On Channel = 5V, Off Channel = OV 


On Channel = OV, Off Channel = 5V 


ADC0833BCJ/CCJ/BJ/CJ 


ADC0833BCN/CCN 


Tested Design 

Limit Limit 

(Note 5) (Note 6) 





±V2 

LSB 

iy* 


LSB 

±1 

±1 

LSB 

±1 


LSB 

2.2 


kCl 

2.2 

2.2 

kft 

8.2 


kn 

8.2 

8.2 

kn 

GND-0.05 


V 

GND-0.05 

GND-0.05 

V 

Vcc + 0-65 


V 

Vcc + 0.05 

Vcc + 0.05 

V 

iVa . 


LSB 


±% 

LSB 

±ye 


LSB 

±ye 

±y« 

LSB 

-1 


/i.A 

-50 


nA 


-1 

jiA 

-50 


nA 

-1 


fiA 

-50 


nA 


-1 

/xA 

-50 


nA 
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ADC0833 


ElOCtriCSl ChdrdCtGriStiCS (Continued) Ihe following specifications apply for Vcc^V'*' = 

= 5V, fcLK = 250 kHz 

unless otherwise specified. Boldface limits apply from tMiN *0 twAx: all other limits = Tj = 25°C. 



Parameter 

Conditions 

Typ 

(Note 4 ) 

Tested 
Limit 
(Note 5 ) 

Design 
Limit 
(Note 6 ) 

Limit 

Units 

CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 

Iqn. On Channel Leakage 

Current (Note 9) 

On Channel = 5V, Off Channel = OV 





ADC083BCJ/CCJ/BJ/CJ 



-1 


fxA 




-200 


nA 

ADC0833BCN/CCN 




-1 

fiA 




-200 


nA 


On Channel = OV,- Off Channel = 5V 





ADC083BCJ/CCJ/BJ/CJ 



-1 


jiA 




-200 


nA 

ADC0833BCN/CCN 




-1 

fiA 




-200 


nA 

DIGITAL AND DC CHARACTERISTICS 

\/iN(i), Logical “1” Input 

Voltage 

Vcc = 5.25V 





ADC0833BCJ/CCJ/BJ/CJ 





V 

ADC0833BCN/CCN 



2.0 

2.0 

V 

V|N( 0 )> Logical "0” Input 

Voltage 

Vcc = 4.75 V 


■I 



ADC0833BCJ/CCJ/BJ/CJ 





V 

ADC0833BCN/CCN 




0.8 

V 

liN(i), Logical "1” Input 

Current 

< 

2 

II 

< 

0 

0 

■■ 




ADC0833BCJ/CCJ/BJ/CJ 



1 


fiA 

ADC0833BCN/CCN 


maaam 

1 

1 

fiA 

l|N(0)> Logical “0” Input 

Current 

> 

0 

II 

2 

> 

mu 




ADC0833BCJ/CCJ/BJ/CJ 



-1 


fiA 

ADC0833BCN/CCN 



-1 

-1 

jliA 

VouT(i). Logical “1 ” Output 

Voltage 

Vcc = 4.75V 




m 

ADC0833BCJ/CCJ/BJ/CJ 

l0UT= -360p.A 


2.4 



ADC0833BCN/CCN 



2.4 



ADC0833BCJ/CCJ/BJ/CJ 

•0UT= -10p,A 


4.5 

^mi^H 


ADC0833BCN/CCN4.54 



4.5 



VouT(O). Logical “0" Output 

Voltage 

Iqut ~ 1 .6mA, Vcc ~ 4.75V 



■m 

B 

ADC0833BCJ/CCJ/BJ/CJ 



0.4 



ADC0833BCN/CCN 



0.4 


HQjjH 

IqliT’ TRI-STATE Output 

Current (DO, SARS) 






ADC0833BCJ/CCJ/BJ/CJ 

Vout=0-4V 

- 0.1 

-3 


^A 

ADC0833BCN/CCN 


- 0.1 

-3 

-3 

fiA 

ADC0833BCJ/CCJ/BJ/CJ 

VoUT = 5V 

0.1 

3 


fiA 

ADC0833BCN/CCN 


0.1 

3 

3 

fiA 

ISOURCE 

VouT Short to GND 





ADC0833BCJ/CCJ/BJ/CJ 


14 



mA 

ADC0833BCN/CCN 


14 


7.5 

mA 

IsiNK 

VouT Short to Vcc 





ADC0833BCJ/CCJ/BJ/CJ 


16 

9.0 


mA 

. ADC0833BCN/CCN 


16 

9.0 

9.0 

mA 
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Electrical Characteristics (Continued) The following specifications apply for Vcc = V + = 5V, fcLK = 250 kHz 
unless otherwise specified. Boldface limits apply from Imum to all other limits TA = Tj = 25°C. 


Parameter 

Conditions 

Typ 

(Note 4) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Limit 

Units 

DIGITAL AND DC CHARACTERISTICS (Continued) 

Ice. Supply Current (Note 3) 

Vref^S Open Circuit 





ADC0833BCJ/CCJ/BJ/CJ 


2 

5 


mA 

ADC0833BCN/CCN 


2 

5 

5 

mA 

I + , Current into V + (Note 3) 






ADC0833BCJ/CCJ/BJ/CJ 



10 


mA 

ADC0833BCN/CCN 



10 

10 

mA 


AC Characteristics tr = tf = 20 ns 


Parameter 

Conditions 

Typ 

(Note 4) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Limit 

Units 

fCLK. Clock Frequency 

Min 


10 


kHz 


Max 



400 

kHz 

Tc, Conversion Time 

Not including MUX Addressing Time 


8 


1 /fCLK 

Clock Duty Cycle (Note 10) 

Min 



40 

% 


Max 



60 

% 

tsET-UP. CS Falling Edge or 




250 

ns 

Data Input Valid to CLK 






Rising Edge 






tROLD. Data Input Valid 




90 

ns 

after CLK Rising Edge 






tpdii ^pdO — CLK Falling 

Cl = 100pF 





Edge to Output Data Valid 

Data MSB First 



1500 

ns 

(Note 1 1) 

Data LSB First 



600 

ns 

tiH, Tqh— Rising Edge of CS 

CL=10pF,RL=10k 

125 


250 

ns 

to Data Output and SARS 

(see TRI-STATE Test Circuits) 





Hi-Z 






C|R, Capacitance of Logic 


5 



PF 

Input 






CoUT. Capacitance of Logic 


5 



PF 

Outputs 







Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: An internal zener diode exists from Vcc to GND on the V + and the Vcc inputs. The breakdown of these zeners is approximately 7V. The V+ zener is intended to 
operate as a shunt regulator and connects to the Vcc ® diode. When using this regulator to power the A/D, this diode guarantees the Vcc input to be operating below 
the zener voltage (7V'0.6V). It is recommended that a series resistor be used to limit the maximum current into the V'*’ input. 

Note 4: Typicals are at 2S’C and represent most likely parametric norm. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: See Applications, section 3.0. 

Note 8: For V||m( - ) s V|n( + ) the digital output code will be 0000 0000. T wo on-chip diodes are tied to each analog input (see Block Diagram) which will fonward conduct for 
analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and causa errors for analog inputs near full-scale. The spec allows 50 mV fonward 
bias of either diode. This means that as long as the analog Vim does not exceed the supply voltage by more than 50 mV, the output coda will be correct. To achieve an 
absolute 0 Vqc to 5 V^c input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 
Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits, 
the minimum time the clock is high or the minimum time the clock is low must be at least 1 fis. 


Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to allow for 
comparator response time. 
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Timing Diagrams 


Data Input Timing 


Data Output Timing 




TRi-STATE Test Circuits and Waveforms 


tiH tiH.CL-10pF 



'oh 

Vcc Vcc 



*0H> Cl= 10 pF 



Leakage Current Test Circuit 



TL/H/5607-2 
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POWER SUPPLY CURRENT (mA) UNEARITY ERROR (LSB) OFFSET ERROR (LSBt) 


Typical Performance Characteristics 


IS 

14 

12 

10 

1 
S 
4 

2 
0 

0 . 


Effect of Unadjusted 
Offset Error vs Vref /2 
Voltage 


IT 

HI 

Vin(+)-VinH-ov. 
ASSUMES Vqs* 2 mV. 
THIS SHOWS THE NEE 
FOR A ZERO ADJ. IF 


■llllll 

■I 

■I 


■mm 


□ 


iiiiiii 




■mill 




imiii 





IIIIIII 


1 

mil 




III 



iiiiiii 



Hill 

■1 



III 



IIIIIII 



1IIII 




III 



IIIIIII 



mu 




III 



IIIIIII 



■kill 

■1 



III 



lima 



■Ml 

HI 



III 



IIIIIII 



UK 

HI 



III 



IIIIIII 



mu 

^H 



III 



IIIIIII 



mu 

1^ 



III 



IIIIIII 



mu 

■ 

: 


;*;« 



IIIIIII, 


01 0.1 1.0 s 


Vref«(Vdc) 


Linearity Error vs Vree 
V oltage 



0 1 2 Z.S 

Vref/Z (V) 


Linearity Error vs 



TEMPERATURE (»C) 


Power Supply Current vs 
Temperature 



-75-50-25 0 25 50 75 100 125 
TEMPERATURE (»C) 



10 100 200 300 400 500 600 
ICLK (kH:) 


Output Current vs 
Temperature 



-100 - 50 0 50 100 125 

TEMPERATURE (°C) 


Power Supply Current vs fctK 



0 100 200 300 400 500 

IcwikHz) 


TL/H/5607-3 
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ADC0833 Functional Block Diagram 



Functional Timing Diagram 


* 5 • f • 9 10 11 12 13 14 1& 16 17 It 19 20 21 


CHIP SELECT • 

(R) 


START SELECT 

tiT ffffu/snru BiTo 


DON'T SGL/DTT SELECT 
CARE BITl 


SAR STATUS 
(SARS) ' 


MUX CONFIGURATIONWORO 


'OUTPUT DATA SHIFTEO OUT ON FALLING EDGE OF CLK- 




1 UUN'T CAKE (Dt OlSAtlED UNTIL NEXT CONVERSION CYCIEI I 


- A/0 CONVERSION IN PROCESS- 


-DATA SHIFTED MSB FIRST- 


-DATA SHIFTED LSI FIRST- 


Applications 

1.0 MULTIPLEXER ADDRESSING 

The design of the ADC0833 utilizes a sample-data compar- 
ator structure which provides for a differential analog input 
to be converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned “-t- ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned " + ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended (ground referred) or differential inputs. The an- 
alog signal conditioning required in transducer-based data 


acquisition systems is significantly simplified with this type 
of input flexibility. One converter package can now handle 
ground referenced inputs and true differential inputs. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing table. The MUX address is shifted into the converter 
through the Dl line. 


TABLE I. MUX ADDRESSING 


Single-Ended MUX Mode 





COM is internally ties to a GND 


Differential MUX Mode 
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Applications (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50mV above Vcc(typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor;transmit- 


4 Single-Ended 



ting highly noise immune digital data back to the host proc- 
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagram and Functional Block Diagram 
and to follow a complete conversion sequence. 

1. A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. select) line low. This line must be held low for the 
entire conversion. The converter is now waiting for a start 
bit and its MUX assignment wordi 

2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 4 bits to be the MUX assignment 
word. 


2 Differential 



Mixed Mode 



FIGURE 1. Analog Input Multiplexer Options for the ADC08333 



TL/H/5607-6 
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Applications (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1 full clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the Dl line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods, the conversion is completed and 
the SAB status line returns low to indicate this. 

8. If the programmer prefers, the data can be read in an LSB 
first format. All 8 bits of the result are stored in an output 
shift register. The conversion result, LSB first, is automati- 
cally shifted out the DO line, after the MSB first data stream. 
The DO line then goes low and stays low until CS is re- 
turned high. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 

The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl Input is only "looked-at” during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

All of the logic inputs can be taken to 1 5V independent of 
the magnitude of the supply voltage, Vcc- 


3.0 REFERENCE CONSIDERATIONS 

The ADC0833 is intended primarily for, use in circuits requir- 
ing absolute accuracy. In this type of system, the analog 
inputs vary between very specific voltage limits and the ref- 
erence voltage for the A/D converter must remain stable 
with time and temperature. For ratiometric applications, an 
ADC0834 is a pin-for-pin compatible alternative. 

The voltage applied to the pin defines the voltage 

span of the analog input [the difference between V|N(-f-) 
and V|n(-)] over which the 256 possible output codes ap- 
ply. A full-scale conversion (an all 1 s output code) will result 
when the voltage difference between a selected " -I- ” input 
and iriput is approximately twice the voltage at the 
\/nEir/2 pin. This internal gain of 2 from the applied refer- 
ence to the full-scale input voltage allows biasing a low volt- 
age reference diode from the SVdc converter supply. To 
accommodate a SV input span, only a 2.5V reference is 
required. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. The out- 
put code changes in accordance with the following equa- 
tion; 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term Vref/ 2 is 
the voltage from pin 9 to ground. 

The Vref/ 2 pin is the center point of a two resistor divider 
(each resistor is 2.4 ktl) connected from Vcc to ground. 
Total ladder input resistance is the sum of these two equal 
resistors. As shown in Figure 2, a reference diode with a 
voltage less than Vcc/2 can be connected without requiring 
an external biasing resistor if its current requirements meet 
the indicated level; 

The minimum value of Vref/ 2 can be quite small (see Typi- 
cal Performance Characteristics) to allow direct conversions 
of transducer outputs providing less than a 5V output span. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when oper- 
ating with a reduced span due to the increased sensitivity of 
the converter (1 LSB equals Vref/256). 


1 

< 

< 

► 

J2.4k 

< 

4 

_J 

► 

;2.4k 


Vref/2 + 



VfulL-SCALE®‘2-4V VfulL-SCALE=‘50V 

Vcc Vcc/2 - Vz 

Note: No external biasing resistor needed if Vz < and Iz min < — - ^ — 

FIGURE 2. Reference Biasing Examples 
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Applications (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “-h" and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“-f ” input and then the input is Vz of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

Verror(fn3x) = Vpe3k(27rfcM) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value 
and fcLK is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a % 1-SB 
error ( = 5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 
Due to the sampling nature of the analog inputs short spikes 
of current enter the “ + ” input and exit the “ - ” input at the 
%clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kH. 
This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 /xA over temperature will 
create a 1 mV inut error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(min)- is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|m (-) input as this V|m(min) value. This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n(-) input and applying a small 
magnitude positive voltage to the V|n( + ) input. Zero error is 
the difference between the actual DC input voltage 


which is necessary to just cause an output digital code tran- 
sition from 0000 0000 to 0000 0001 and the ideal Vi LSB 
value (Vi LSB = 9.8 mV for Vref/2 = 2.500 Vdc)- 

5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vi LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input or Vcc for a digital output code 
which is just changing from 1111 1110 to 1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n(-I-) voltage which 
equals this desired zero reference plus Vi LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana- 
log span/256) is applied to selected ” input and theiero 
reference voltage at the corresponding input should 
then be adjusted to just obtain the OOrex to 01 rex code 
transaction. 

The full-scale adjustment should be made [with the proper 
V|n(“) voltage applied] by forcing a voltage to the V|n(+) 
input which is given by: 

V,N(+)tsadi-V»,«-1.5[ 

where: 

Vmax= the high end of the analog input range 
and 

Vmin= the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vref/ 2 voltage is then adjusted to provide a code 
change from FErex to FFrex- This completes the adjust- 
ment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0833 is the inclusion of a 7V 
zener diode connected from the V+ terminal to ground 
which also connects to the Vcc terminal (which is the actual 
converter supply) through a silicon diode, as shown in Fig- 
ure 3. 


Vcc 

ACTUAL 

’converter 

SUPPLY 



FIGURE 3. An On-Chip Shunt Regulator Diode 
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Applications (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vcc supply for the converter 


to be derived from the clock. The low current requirements 
of the A/D (~3 mA) and the relatively high clock frequen- 
cies used (typically in the range of 10k-400 kHz) allows us- 
ing the small value filter capacitor shown to keep the ripple 
on the Vcc line to well under Vi of an LSB. The shunt zener 
regulator can also be used in this mode. This requires a 
clock voltage swing which is in excess of 7V. A current limit 
for the zener is needed, either built into the clock generator 
or a resistor can be used from the CLK pin to the V+ pin. 



FIGURE 4. Operating with a Temperature 
Compensated Reference 


FIGURE 5. Using the A/D as the System Supply 
Regulator 



TL/H/5607-9 

FIGURE 6. Generally Vcc the Converter Clock FIGURE 7. Remote Sensing — Clock and Power on 1 

Wire 
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Applications (Continued) 


Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 



TL/H/5607-10 


COP CODING EXAMPLE 

8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

Instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START; 

ANL 

PI, #0F7H 

SELECT A/D (CS = 0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTER 5 

OGI 

G0 = 0(CS = 0) 


MOV 

A. #ADDR 

A>(-MUX ADDRESS 

CLR A 

CLEARS ACCUMULATOR 

LOOP1: 

RRC 

A 

CY ADDRESS BIT 

AtSCI 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




BIT=0 


AND STARTS SK CLOCK 

ZERO; 

ANL 

PI, #0FEH 

Dl'^-O 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT = 1 

NOP 

— 

ONE; 

ORL 

PI, #1 

Dl 4- 1 

XAS 

LOADS MUX ADDRESS FROM 

CONT; 

CALL 

PULSE 

PULSE SK0-> 1 ->0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

T 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BIT COUNTER 8 

1 


LOOP 2: 

CALL 

PULSE 

PULSE SK 0 -> 1 0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY4-D0 


INTO ACCUMULATOR 


RRC' 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLR A 

CLEARS ACCUMULATOR 


MOV 

A,C 

A •«- RESULT 

RC 

C = 0 


RLC 

A 

A(0)<«-BITAND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C.A 

C RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0=1(CS=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE; 

ORL 

PI, #04 

SK4-1 




NOP 


DELAY 




ANL 

PI, #0FBH 

SK<-0 




RET 
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Applications (Continued) 


Digitizing a Current Flow 



Operating with Automotive Ratiometric Transducers 

Vcc 

(SVoc) 



TL/H/5607-12 
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Ordering Information 


Part Number 

Temperature 

Range 

Total 

Unadjusted 

Error 

ADC0833BCJ 

-40-010 +85°C 

±1//2 LSB 

ADC0833BCN 

0°C to -f 70°C 

ADC0833BJ 

- 55-0 to +125-0 

ADC0833CCJ 

-40-0 to +85-0 

± 1 LSB 

ADC0833CCN 

0-0 to +70-0 

ADC0833CJ 

-55-0 to +125-0 
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National 

Semiconductor 

ADC0844 8-Bit juP Compatible A/D Converter 
with 4-Channel Multiplexer 


General Description 

The ADC0844 is a CMOS 8-bit successive approximation 
A/D converter with a versatile analog Input multiplexer. The 
4-channel multiplexer can be software configured for single- 
ended, differential or pseudo-differential modes of operation. 
The differential mode provides low frequency input com- 
mon-mode rejection and allows offsetting the analog range 
of the converter. In addition, the A/D’s reference can be 
adjusted enabling the conversion of reduced analog ranges 
with 8-bit resolution. 

This A/D is designed to operate from the control bus of the 
NSC800TM and the wide variety of 8080 ^iP derivatives. 
TRI-STATE® output latches that directly drive the data bus 
permit this A/D to be configured as a memory location or as 
an I/O device to the microprocessor with no interface logic 
necessary. 

Features 

■ Compatible with 8080 n? derivatives— no interface 
logic needed 


Easy interface to alt microprocessors 
Operates ratiometrically or with 5 N/qc 
voltage reference 

No zero or full-scale adjust required 
4-channel multiplexer with address logic 
Internal clock 

OV to 5V input range with single 5V power supply 
T2L/MOS input/output compatible 
0.3" standard width 20-pin DIP 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 
B Single Supply 

B Low Power 
a Conversion Time 


8 Bits 

tVz LSB and ± 1 LSB 


Biock and Connection Diagrams 



cs ^ Wr 

20 

^Vcc 

4-!S.ognd 


IB 

INTERNAL 



“ CLOCK 


i 1 1 


Dual-In-Line Package 





171 IDBO/MAO 


15 ] DB2/MA2 

14 M DB3/MA3 


See Ordering Information 


CHI CH2 CH3 CH4 AGND 
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Absolute Maximum Ratings (Notes i and 2) Operating Ratings (Notes 1 and 2) 


Supply Voltage (Vcc) 


6.5V Supply Voltage (Vcc) 


4.5 Vdc to 6.0 Vqc 

Voltage 



Temperature Range 


Tmin^Ta^Tmax 

Logic Control Inputs 

- 0.3V to + 1 5V ADC0844BCN, ADC0844CCN 

0‘'C^Ta<:70'’C 

At Other Inputs and Outputs • - 0.3V to Vcc + 0.3V ADC0844BCJ, ADC0844CCJ 

-40°C^Ta^85°C 

Storage Temperature 

- 65°C to + 1 see ADC0844BJ, ADC0844CJ 

-55‘'C^Ta^125°C 

Package Dissipation at Ta= 25°C 

875 mW 






Lead Temperature (Soldering, 10 seconds) 

300“C 






Electrical Characteristics The following specifications apply for Vcc=5 V^c unless otherwise specified. 


Boldface limits apply from Tmin Tmax! all other limits T^ = Tj = 25°C. 





Parameter 

Conditions 

ADC0844BJ, ADC0844BCJ 
ADC0844CJ, ADC0844CCJ 

ADC0844BCN, ADC0844CCN 

Limit 

Typ 

Tested 

Design 

Typ 

Tested 

Design 



Limit 

Limit 

Limit 

Limit 

Units 



(Note S) 

(Note 6) 

(Note 7) 

(Note 5) 

(Note 6) 

(Note 7) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS | 

Maximum Total 

VrEF = 5.00 Vqc' 


mmm 


HIHIIII 




Unadjusted Error 

(Note 3) 








ADC0844BCN 






±y2 

±y2 

LSB 

ADC0844BJ, BCJ 



Hi 



LSB 

.ADC0844CCN 





±1 

±1 

LSB 

ADC0844CJ. CCJ 








LSB 

Minimum Reference 

Input Resistance 


2.4 

1.1 


2.4 

1.2 

1.1 

kn 

Maximum Reference 

Input Resistance 


2.4 

4.1 


2.4 

3.8 

4.1 

kn 

Maximum Common-Mode 
Input Range 

(Note 4) 


Vcc + 0.05 



Vcc + 0.05 

Vcc + 0.05 

H 

Minimum Common-Mode 
Input Range 

(Note 4) 


GND-0.05 


M 

GND-0.05 

GND-0.05 

B 

DC Common-Mode Error 

Differential Mode 

±yi6 

±y4 



±y4 

±y4 

LSB 

Power Supply Sensitivity 

Vcc = 5V±5% 

±yi6 

±y8 


±yi6 

i’/e 

±ya 

LSB 

Off Channel Leakage 

(Note 8) 








Current 

On Channel = 5V, 
Off Channel = OV 


-1 



-0.1 

-1 

/iiA 


On Channel = OV, 
Off Channel = 5V 


1 



0.1 

1 

ju,A 

DIGITAL AND DC CHARACTERISTICS | 

V|N(i), Logical "1" Input 
Voltage (Min) 

Vcc = 5.25V 





2.0 

2.0 

V 

V|N(o), Logical “0” Input 
Voltage (Max) 

Vcc = 4.75V 


0.8 



0.8 

0.8 

V 

lirg(l), Logical "1” Input 
Current (Max) 

V|N = 5.0V 

0.005 

1 


0.005 


1 

mA 

l|N(0). Logical “0” Input 
Current (Max) 

< 

z 

II 

o 

< 

-0.005 

-1 


-0.005 


-1 

fiA 

VouT(i|. Logical “1" 

Output Voltage (Min) 

Vcc = 4.75V 
■out ~ -360.jnA 


2.4 



2.8 

2.4 

V 


■out = - 1 0 mA 


4.5 



4.6 

4.5 


VouT(O). Logical “0” 

Output Voltage (Max) 

Vcc = 4.75V 
■out 1 .6 mA 





0.34 

0.4 

B 

loUT. TRI-STATE Output 

Vqut == OV 

-0.01 

-3 


-0.01 

-0.3 

-3 

mA 

Current (Max) 

VquT = 5V 

0.01 

3 


0..01 

0.3 

3 

jliA 

■source. Output Source 
Current (Min) 

Vqut = OV 

-14 

-6.5 


-14 

-7.5 

-6.5 

mA 

ISNK. Output Sink 

Current (Min) 

Vqut = Vcc 

16 

8.0 


16 

9.0 

8.0 

mA 

Ice. Supply Current (Max) 

CS = 1,VREFOpen 

1 

2.5 


1 

2.3 

2.5 

mA 
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AC Characteristics 


Parameter Conditions 

(Note 5) 


tc, Maximum Conversion Time (See Graph) 30 


tw(WR). Minimum WR Pulse Width 


Ucc. Maximum Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 


fiH. toH. TRI-STATE Control (Maximum Delay from Rising 
Edge of RD to Hi-Z State) 


twi. fRl- Maximum Delay from Falling Edge of WR or RD to 
Reset of INTR 


tos. Minimum Data Set-Up Time 


toHi Minimum Data Hold Time 


C|N. Capacitance of Logic Inputs 


CouT. Capacitance of Logic Outputs 


Note 1: Absolute Maximum Ratings are those values beyond which the life of device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Total unadjusted error includes offset, full-scale, linearity, and multiplexer error. 

Note 4: For Vim (-) i Vin (-f) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.SV), as high level analog 
Inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog Vim does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vqc ioput voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance 
and loading. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Guaranteed and 100% production tested. 

Note 7: Guaranteed, but not 100% production' tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Off channel leakage current is measured after the channel selection. 

Note 9: The temperature coefficient is 0.3%/°C. , 


(Note 9) 


Cl = 100 pF 
(Note 9) 


Cl = 10 pF, Rl = 10k 
(Note 9) 


(Note 9) 


(Note 9) 


(Note 9) 
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LOGIC INPUT THRESHOLD VOLTAGE (V) 


Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 


-55°C<Ta<+125°C 


4.S0 4.7$ 5.00 5.2$ 5.50 

Vcc -SUPPLY VOLTAGE (Vdc) 


Output Current vs 
Temperature 





-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE («C) 


Power Supply Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (“C) 


Linearity Error vs Vref 


. .Vcc = 5V J 

Ta = 25'>C I I 

0.5 -(ZERO AND FULL-SCALE- 
AOJUSTEOl I I 


01 23.4 5 

Vref (V) 


Conversion Time vs Vsupply 


Ta= 

25" 

: 























4.5 4.75 5 5.25 5.5 

SUPPLY VOLTAGE (V) 


Conversion Time vs 
Temperature 


Vci 

= 5 



n 









1 

X' 






j 


















-75-50 -25 0 25 50 75 100 125 
TEMPERATURE (’C) 


Unadjusted Offset Error vs 
Vref Voltage 


■111 

■iiniiiiiBiiiiiii 

■iiniiiin 

^iiiiiiiiiiiiiiiiii 

iiimimi 

■IIBK:!!!!!!! 


0.01 0.1 1.0 5 

Vref (V) 
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TRI-STATE Test Circuits and Waveforms 



toH toH. Cl 10 pF 


OATA 

OUTPUT 


TL/H/5016-6 


Leakage Current Test Circuit 

5V 


CH1 (OFF) 


ADC0844 

a CH2 (ON/OFF) 
CHS (ON/OFF) 
CH4 (ON/OFF) 


TL/H/5016-e 




CHANNEL 

VOLTAGE 

SELECT 




Vcc 


RB 


OATA 

OUTPUTS 


Vcc 


Vql 



tf = 20 ns 
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Timing Diagrams 


Programming New Channel Configuration and Starting a Conversion 

“"A / \ r 



Note 1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee reset of INTR. 
Note 2: MA stands for MUX address. 


Using the Previously Selected Channel Configuration and Starting a Conversion 



TL/H/5016-10 
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Functional Description 

The ADC0844 contains a 4-channel analog multiplexer 
(MUX) which can be configured in a'single-ended, differen- 
tial, or pseudo-differential mode (Table 1). The specific 
mode is selected by loading the MUX address latch with the 
proper address. Inputs to the MUX address latch (MAO- 
MAS) are common with data bus lines (DB0-DB3) and are 
enabled when the ^ line is high. A conversion is initiated 
via the CS and WR l ines. If the data from a previous conver- 
sion is not read, the INTR line will be low. The falling edge of 
WR will reset the INTR line high and r ead y the A/D for a 
conversion cycle. The rising edge of WR, with RD high, 
strobes the data on the MA0/DB0-MA3/DB3 inputs into the 
MUX address latch to select a new input configuration and 
start a conversion. If the RD line is held low during the entire 
low period of WR the previous MUX configuration is re- 
tained, and the data of the previous conversion is the output 
on lines DB0-DB7. After the conversion cycle (tc^40 fiS), 
which is set by the internal clock frequenc y, the digital data 
is transferred to the output latch and the INTR is asserted 


low. Taking CS and RD low resets INTR output high and 
outputs the conversion result on the data lines (DB0-DB7). 

Applications Information 

1.0 MULTIPLEXER CONFIGURATION 

The design of these converters utilizes a sample-data com- 
parator structure which allows a differential analog input to 
be converted by a successive approximation routine. 

The actual voltaga converted is always the difference be- 
tween an assigned “-f ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “-I- ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 


MUX Address 

MAS 

MA2 

MAI 

MAO 

X 

L 

L 

L 

X 

L 

L 

H 

X 

L 

H 

L 

X 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 


TABLE 1. ADC0844 MUX ADDRESSING 


= Channel# 


CHI 

CH2 

CH3 

-1- 

- 



-f 

-f 

•f 

+ 


+ 

+ 

1 

-f- 



Single-Ended 


Pseudo- 

Differential 


Previous Channel Configuration 


4 Single-Ended 


2 Differential 
















3 Pseudo-Differential 


Combined 
















FIGURE 1. Analog Input Multiplexer Options 
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Applications Information (Continued) 

ended, or pseudo-differential [Figure 1). In the differential 
mode, the channel inputs are grouped in pairs, CH1 with 
CH2 and CH3 with CH4. The polarity assignment of each 
channel in the pair is interchangeable. The single-ended 
mode has CH1 -CH4 assigned as the positive input with the 
negative input being the analog ground (AGND) of the de- 
vice. Finally, in the pseudo-differential mode CH1-CH3 are 
positive inputs referenced to CH4 which is now a pseudo- 
ground. This pseudo-ground input can be set to any poten- 
tial within the input common-mode range of the converter. 
The analog signal conditioning required in transducer-based 
data acquisition systems is significantly simplified with this 
type of input flexibility. One converter package can now 
handle ground referenced inputs and true differential inputs 
as well as signals with some arbitrary reference voltage. 
The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 

2.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input to these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between Vin(iviax) and V|N(min)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 2.4 kn. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratiometric system [Figure 2a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy [Figure 2b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 


small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals 
Vref/256). 

3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and Common* 
Mode Rejection 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected "-F” and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“ + input and then the inputs is Vz of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

VeRROR(MAX) = Vpeak (27r fcM) XO.5 X j 

where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value and tc is the conversion 
time. 

For a 60 Hz common-mode signal to generate a LSB 
error (~ 5 mV) with the converter running at 40 jj,S, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 

3.2 Input Current 

Due to the sampling nature of the analog inputs short dura- 
tion spikes of current enter the “-F” input and exit the 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 kn. 




Vcc 

CH1( + ) 


CH2(-f) 



Vref 

CH3( + ) 


CH4(-(-) 


(- 

)AGND 


a) Ratiometric b) Absolute with a Reduce Span 

FIGURE 2. Referencing Examples 
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3.3 Input Source Resistance 

The limitation of the input source resistance due to the DC 
leakage currents of the input multiplexer is important. A 
worst-case leakage current of ± 1 jtiA over temperature will 
create a 1 mV input error with a 1 klT source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

4.0 OPTIONAL ADJUSTMENTS 

4.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(viin). is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage' 
by biasing any V|n (-) input at this Vin(iviin) value. This is 
useful for either differential or pseudo-differential modes of 
input channel configuration. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V~ input and applying a small mag- 
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal Vz LSB value (Vz LSB = 9.8 
mV for Vref= 5 000 Vpc)- 

4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Yz LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input for a digital output code changing 
from 1111 1110 to 1111 1111. 


4.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n ( + ) voltage which 
equals this desired zero reference plus Vz LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/256) is applied to selected " + ” input and the 
zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex to 01 HEX 
code transition. 

The full-scale adjustment should be made [with the proper 
V|N ( + ) voltage applied] by forcing a voltage to the V|n(-) 
input which is given by: 

where VMAX = t0e high end of the analog input range and 
VwiN^lho low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2V ^ V|n ^ 5V) 


(5 VdcI 



TL/H/5016-18 
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Differential Voltage Input 9-Blt A/D 




Protecting the Input 


(bvbcI 



High Accuracy Comparators 


5V 






Vcc 



VthI — 

T 


SYSTEM 

TEST' 

jV 



ADC0344 

POINTS 


VthZ — 

-) 




s 

AGND 

Vref 

GND 


J 


TL/H/5016-22 


Diodes are 1N914 


DO=all Is if V|n(+)>V|n(-) 
DO=all Os if V|n(+)<Vin(-) 
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Operating with Automotive Ratiometric Transducers 


(5Vdc) 



TL/H/5016-23 

•V|n(-) = 0.15Vcc 

15% of Vcc^VxDnS85% of Vcc 


Converting 3 Thermocouples with only One Cold-Junction Compensator 



TL/H/5016-24 

Uses the pseudo-differential mode to keep the differential inputs constant with changes in reference temperature (Trep). 
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A Stand Alone Circuit 


-U2 

Vcc Vbef 


ADC0844 

MA3/DB3 


WH RD INTR I 
|19 |1 |ia 0/6 MM74C14 , 


~ V 12° 
OUT Vcc 
3 DIS 


11 

4 

12 

7 

13 

8 

14 

13 

16 


16 

17 

17 

_ 18 


Oi O 2 O 3 O 4 




MM80C9S 

la 


l2 

0IS1 

INI 


..fill 


Start a Conversion without Updating the Channel Configuration 



^•WR will update the channel configuration and start a conversion. 
CS»RD will read the conversion data and start a new conversion without 
updating the channel configuration. 

Waiting for the end of this conversion is not necessary. A CS»WR can imme- 
diately follow the C5«RD. 
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ADC0844—iNS8039 Interface 


5V 



TL/H/50 16-27 

SAMPLE PROGRAM FOR ADC0844— INS8039 INTERFACE 
CONVERTING TWO RATiOMETRIC, DIFFERENTIAL SIGNALS 





ORG 

OH 


0000 

04 10 


JMP 

BEGIN 

START PROGRAM AT ADDR 1 0 




ORG 

10H 

MAIN PROGRAM 

0010 

B9 FF 

BEGIN; 

MOV 

R1.#0FFH 

LOAD R1 WITH A UNUSED ADDR 
LOCATION 

0012 

B8 20 


MOV 

R0#20H 

A/D DATA ADDRESS 

0014 

89 FF 


ORL . • 

P1,#0FFH 

SET PORT 1 OUTPUTS HIGH 

0016 

23 00 


MOV 

A.OOH 

LOAD THE ACC WITH A/D MUX DATA 
CHI AND CH2 DIFFERENTIAL 

0018 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 

001A 

23 02 


MOV 

A,#02H 

LOAD THE ACC WITH A/D MUX DATA 
CH3 AND CH4 DIFFERENTIAL 

001 C 

18 


INC 

RO 

INCREMENT THE A/D DATA ADDRESS 

001 D 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 


;CONTINUE MAIN PROGRAM 

;CONVERSION SUBROUTINE 
:ENTRY:ACC— A/D MUX DATA 
;EXIT: ACC— CONVERTED DATA 





ORG 

50H 


0050 

99 FE 

CONV: 

ANL 

P1,#0FEH 

CHIP SELECT THE A/D 

0052 

91 


MOVX 

@R1,A 

LOAD A/D MUX & START CONVERSION 

0053 

09 

LOOP: 

IN 

A.P1 

INPUT INTR STATE 

0054 

32 53 


JB1 

LOOP 

IFINTR = 1 GOTO LOOP 

0056 

81 


MOVX 

A,@R1 

IF InTR = 0 INPUT A/D DATA 

0057 

89 01 


ORL 

PI &01H 

CLEAR THE A/D CHIP SELECT 

0059 

AO 


MOV 

@R0,A 

STORE THE A/D DATA 

005A 

83 


RET 


RETURN TO MAIN PROGRAM 
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I/O Interface to NSC800 


ADIS ADU AD13 AD12 AD11 lO/M HD WR AD7 AD6 ADS AD4 AD3 AD2 ADI ADO 



SAMPLE PROGRAM FOR ADC0844— NSC800 INTERFACE 


0008 


NCONV 

EQU 

8 


OOOF 


DEL 

EQU 

15 

DELAY 50 ;xsec CONVERSION 

001 F 


CS 

EQU 

1FH 

THE BOARD ADDRESS 

3C00 


ADDTA 

EQU 

003CH 

START OF RAM FOR A/D 

DATA 

0000' 

OB OA 09 

MUXDTA: 

DB 

OBH,OAH,09H 

MUX DATA 

0003' 

08 


DB 

OSH 


0004' 

0E1F 

START: 

LD 

C.CS 


0006' 

06 08 


LD 

B, NCONV 


0008' 

21 0000' 


LD 

HL.MUXDTA 


OOOB' 

1 1 003C 


LD 

DE, ADDTA 


OOOE' 

ED A3 

STCONV: 

OUTI 


LOAD A/D’S MUX DATA 

AND START A CONVERSION 

0010' 

EB 


EX 

DE.HL 

HL= RAM ADDRESS FOR THE 

A/D DATA 

0011' 

3E0F 


LD 

A.DEL 


0013' 

3D 

WAIT: 

DEC 

A 

WAIT 50 ^isec FOR THE 

0014' 

C2 0013' 


JP 

NZ.WAIT 

CONVERSION TO FINISH 

0017' 

EDA2 


INI 


STORE THE A/D’S DATA 
CONVERTED ALL INPUTS? 

0019' 

EB 


EX 

DE,HL 


001 A' 

C2 OOOE' 


JP 

NZ, STCONV 

IF NOT GOTO STCONV 




END 




Note: This routine sequentially programs the MUX data latch in the signal-ended mode. For CH1-CH4 a conversion is started, then a 50 nS wait for the A/D to 
complete a conversion and the data is stored at address ADDTA for CHI, ADDTA -F 1 for CH2, etc. 

Ordering Information 


Temperature Range 

OX to 70X 

-40XtO -F85X 

-55Xto +125X 

± y 2 LSB Unadjusted 

ADC0844BCN 

ADC0844BCJ 

ADC0844BJ 

± 1 LSB Unadjusted 

ADC0844CCN 

ADC0844CCJ 

ADC0844CJ 

Package Outline 

N20A— Molded DIP 

J20A— CERDIP 

J20A— CERDIP 
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National 

Semiconductor 


PRELIMINARY 


ADC1001, ADC1021 10-Bit juiP Compatible A/D Converters 


General Description 

The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation A/D converters. The 20-pin ADC1001 is pin 
compatible with the ADC0801 8-bit A/D family. The 10-bit 
data word is read in two 8-bit bytes, formatted left justified 
and high byte first. The six least significant bits of the sec- 
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits parallel and is intended 
for interface to a 16-bit data bus. 

A differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 10 bits of resolution. 

Features 

■ ADC1001 is pin compatible with ADC0801 series 8-bit 
A/D 

■ Compatible with NSC800 and 8080 derivatives — no 

interfacing logic needed — access time 170 ns 


■ Easily interfaced to 6800 fiP derivatives with minimal 
external logic 

■ Differential analog voltage inputs 

■ Logic inputs and outputs meet both MOS and T2 l volt- 
age level specifications 

■ Works with 2.5V (LM336) voltage reference 

■ On-chip clock generator 

■ OV to 5V analog input voltage range with single 5V sup- 
ply 

■ Operates ratiometrically or with 5 Vdc. 2.5 Vdc. or ana- 
log span adjusted voltage reference 

■ 0.3' standard width 20-pin DIP package or 24 pins with 
10-bit parallel output 

Key Specifications 

■ Resolution 10 bits 

■ Linearity error ± 1 LSB 

■ Conversion time 200 jliS 


Typical Application 


5V 



Ordering Information 


Temperature Range 

0°C to + 70X 1 

-40°Cto+85X 

Order Number 

ADC1 001 CCD-1 

ADC1 021 CCD-1 

ADC1001CCD 

ADC1021CCD 

Package Outline 

D20A 

D24C 

D20A 

D24C 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) (Note 3) 6.5V Temperature Range Tmin 

Logic Control Inputs -0.3Vto+18V ADC1001CCD -46 °C^Ta^ +85°C 

Voltage at Other Inputs and Outputs -0.3V to (Vcc + 0.3V) ADC1021CCD 

Storage Temperature Range -65“Cto +150°C ADC1001CCD-1 O’C^Ta^ +70“C 

Package Dissipation at Ta= 25'C 875 mW ADC1021CCD-1 

Lead Temperature (Soldering, 10 seconds) 300°C Range of Vcc 4.5 Vdc to 6.3 V^c 

Converter Characteristics 

Converter Specifications: Vcc=5 Vqc. Vref/2 = 2.500 Vdc. Tmin^Ta^Tmax and fcLK=410 kHz unless othenwise speci- 


ADC1001C, ADC1021C: 
Linearity Error 
Zero Error 
Full-Scale Error 


Vref/ 2 Input Resistance 


Analog Input Voltage Rang? 


DC Common-Mode Error 


Power Supply Sensitivity 



Input Resistance at Pin 9 


(Note 4)V(-l-)orV(-) 


Over Analog Input Voltage Range 


Vcc — 5 Vqc±5% Over 
Allowed V|N(-f) and Vin(-) 
Voltage Range (Note 4) 


AC Electrical Characteristics 

Timing Specifications: Vcc = 5 Vqc and Ta = 25°C unless othenwise specified. 


Parameter 


Conversion Time 


fCLK 

Clock Frequency 

Clock Duty Cycle 

CR 

Conversion Rate In Free-Running 
Mode 

fW(WR)L 

Width of WR Input (Start Pulse 

Width) 

'acc 

Access Time (Delay from 

Falling Edge of RD to Output 

Data Valid) 

flH. 'oh 

TRI-STATE® Control (Delay 
from Rising Edge of RD to 

Hi-Z State) 

tWI. tRI 

Delay from Falling Edge 
of WR or RD to Reset of INTR 

firs 

INTR to 1 st Read Set-Up Time 

C|N 

Input Capacitance of Logic 

Control Inputs 

Cqut 

TRI-STATE Output 

Capacitance (Data Buffers) 


Conditions 


(Note 5) 

<CLK=410kHz 


(Note 8) 



CS = 0Vdc (Note 6) 


Cl=100pF 


Cl = 10pF. RL=10k 
(See TRI-STATE Test 
Circuits) 
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DC Electrical Characteristics 

The following specifications apply for Vcc=^5 Vqc and T^ax. unless otherwise specified. 


Parameter 


Conditions 

Min 

Typ 

Max 


V|n( 1) Logical “1” Input Voltage 

(Except CLK IN) 

Vcc = 5-25 Vdc 

V|N (0) Logical “0” Input Voltage 

(Except CLK IN) 

Vcc "=4.75 Vdc 

I|n( 1) Logical “1" Input Current 

(All Inputs) 

V|N = 5Vdc 

I|N (0) Logical “0" input Current 

(All Inputs) 

V|N=o Vdc 



Vt + 

CLK IN Positive Going 
Threshold Voltage 

Vt- 

CLK IN Negative Going 


Threshold Voltage 

Vh 

CLK IN Hysteresis 


(Vt+)-(Vt-) 



3.1 

3.5 

Vdc 

1.8 

2.1 

Vdc 

1.3 

2.0 

Vdc 


OUTPUTS AND INTR 


Vout(O) 

Logical "0” Output Voltage 

•out= ‘•■6 mA, Vcc = 4.75 Vdc 

Vout(1) 

Logical “1 ” Output Voltage 

IO=-360 /liA. Vcc = 4.75 Vdc 
lo= -10 )xA, Vcc = 4.75 Vdc 

Iqut 

TRI-STATE Disabled Output 
Leakage (All Data Buffers) 

VouT=o.4 Vdc 

Vout=5 Vdc 

•source 

Vqut Short to GND. Ta= 25''C 

•sink 

Vqut Short to Vcc. Ta = 25'’C 


POWER SUPPLY 


•cc 

Supply Current (Includes 

fCLK=410kH2, 


Ladder Current) 

Vref/2 = NC,Ta= 25'’C 
andCS=1 



Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2; All voltages are measured with respect to GfJD, unless otherwise specified. The separate A GND point should always be wired to the D GND. 

Note 3; A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vdc- 

Note 4; For V|n(-)S V|(m(+) the digital output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near fullscale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vqc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature 
variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 1. 

Note 6; The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for Ta='25°C. 

Note 8: Accuracy is guaranteed at fcLK = ^10 kHz. At higher clock frequencies accuracy can degrade. 
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(CLK O'**!) LOGIC INPUT THRESHOLD VOLTAGE (VI 


Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.S0 4.75 5.00 5.25 5.50 

Vcc- SUPPLY VOLTAGE (Vdc) 


Delay From Falling Edge of 
RD to Output Data Valid 
vs Load Capacitance 




CLK IN Schmitt Trip Levels 
vs Supply Voltage 






U- 










L 


es: 

— 






-- 

i_ 







a: 



J 







-S5'’C<TA<*12b'’C 


0 200 400 500 800 1000 

LOAD CAPACITANCE IpF) 


4.50 4.75 5.00 5.25 5.50 

Vcc -SUPPLY VOLTAGE (VocI 


fcLK vs Clock Capacitor 


PHiMMIIU' 

■kVHMYIlAYBHBaillll 

jKtBHiMAHiiinaiiiiii 

IIEKmilli:WHIIIIIll 

~HK«iiiniiiiiir 

iiiiLmiKinii 



100 

CLOCK CAPACITOR (pF) 


Output Current vs 
Temperature 


■■■■■■■■DaSCEIll 

■■KMiilSliilii 

■niisiHr 

■■■■■isni 

SlHHii: 

■KSHiniiSlHI 

■■■KSlHinSSP 

■■■■BSsffiEEaiiss 


-50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE (°C) 


Typical Linearity Error vs 
Conversion Time 


TRI-STATE Test Circuits and Waveforms 




*0H 

Vcc Vcc 



120 140 150 180 200 

CONVERSION TIME (ps) 

TL/H/5675-2 


tiH. CL=10pF 

1-50S 

GND ■— 

VOH 5^ 

GND : 

If = 20 ns 

toH. Cl=10pF 
Vcc — 
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Functional Description 

The ADC1001, ADC1021 are mechanized using an ad- 
vanced potentiometric resistive ladder network. The analog 
inputs, as well as the taps of this ladder network, are 
switched into a weighted capacitor array. The output of this . 
capacitor array is the input to a sampled data comparator. 
This comparator allows the successive approximation logic 
to match the analog difference input voltage 
[Vin( + )-V|n(-)] to taps on the R network. The most sig- 
nificant bit is tested first and after 10 comparisons (80 clock 
cycles) a digital 10-bit binary code (all “1”s = full-scale) is 
tran sferre d to an output latch and then an interrupt is assert- 
ed (INTR makes a high-to-low transition). The devic e may 
be operated in the free-running mode by connecting INTR 
to the WR inut with CS = 0. To insure start-up under all pos- 
sible conditions, an external WR pulse is required during the 
first power-up cycle. A conversion in process can be inter- 
rupted by issuing a second start command. 

On the high-to-low transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these- inputs makes a low-to- 
high transition. 

A functional diagram of the A/D converter is shown in Fig- 
ure 1. All of the inputs and outputs are shown and the major 
logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this “1" to the Q output of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either.WR or CS is a “1”) the start F/F is 
reset and the 10-bit shift register then’ can have the “1” 



clocked in, which allows the conversion process to contin- 
ue. If the set signal were to still be present, this reset pulse 
would have no effect and the 1 0-bit shift register would con- 
tinue to be h^ in the reset mode. This logic therefore al- 
lows for wide CS and WR signals and the converter will start 
after at least one of these signals returns high and the inter- 
nal clocks again provide a reset signal for the start F/F. 
After the “1” is clocked through the 10-bit shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-low transition the one 
shot fires, setting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
aproximately 400 ns. If the data outpu t is co ntinuously en- 
abled (CS and RD both held low), the INTR output will still 
signal the end of t he c onversion (by a high-to-low tran- 
sition), because the SET input can control the Q output of 
the INTR F/F ev en tho ugh the RESET input is constantly at 
a “1” level. This INTR output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
^ being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 

Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. V|N(-f ) is 
forced to -1-2.5 mV (+y 2 LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 0000 
0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the Vref/ 2 
input. With V|N (+) forced to the desired full-scale voltage 
less iVa LSBs (VFs-iy 2 LSBs), Vref/ 2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 
1111 1111. 



NOTE; V|n(-) should be biased so 
that V|n(-)S -0.05V when potentiometer 
wiper is set at most negative 
voltage position, 

FIGURE 2. Zero Adjust Circuit 


FIGURE 3. Full-Scale Adjust 
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Connection Diagrams 

ADC1001 (for an 8-bit data bus) 
Dual-ln-Line Package 

E5 — UT' Vcc (OR Vref) 


BIT 2 

' 0 

BIT 3 

0 

BIT4 

0 

BITS 

0 

BITS 

B 

BIT? 

0 

BITS 

BITO(LSB) 

(MSB! BITS 

BIT1 

1ST BYTE 

2NO BYTE 


See Ordering Information 

Block Diagram 


ADC1021 (for all 10-bit outputs in parallel) 
Dual-ln-Line Package 

C5 -M ^ “I^Vcc (OR Vref) 

_ 2 23 

RO— O _;:_CLKR 



TOP VIEW 

TL/H/5675-12 

•TRI-STATE® output buffers which output 0 during RD. 


INPUT PROTECTION 
FOR ALL LOGIC INPUTS 


✓^KOSC 


TO INTEhNAL 
CIRCUITS 




0 


Tmsb 


SAR 


10BIT 

LATCH 


SHIFT R 

(NOTE 2) 


REGISTER 


’ LSB 

Q 


START CONVERSION 
IF RESET = "O ’ 


BYTE SEQUENCER AND 
TRISTATE® 
OUTPUT LATCHES 


Note 1; CS shown twice for clarity. 

Note 2: SAR = Successive Approximation Register. 


' ADCtOOt 20 PIN 
ADCI021 24 PIN 


TRI STATE® CONTROL 
r = OUTPUT ENABLE 

FIGURE 1 
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National 

Semiconductor 


PRELIMINARY 


ADC3511 3y2-Digit Microprocessor Compatible A/D 
Converter 

ADC3711 3%-Digit Microprocessor Compatible A/D 
Converter 


General Description 

The ADC3511 and ADC3711 (MM74C937,- MM74C938-1) 
monolithic A/D converter circuits are manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and indicated on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. 

The ADC3511 and ADC3711 have been designed to pro- 
vide addressed BCD data and are intended for use with 
microprocessors and other digital systems. BCD digits are 
selected on demand via 2 Digit Select (DO, D1) inputs. Digit 
Select inputs are latched by a low-to-high transition on the 
Digit Latch Enable (DLE) input and will remain latched as 
long as DLE remains high. A start conversion input and a 


conversion complete output are included on both the 
ADC3511 and the ADC3711. 

Features 

■ Operates from single 5V supply 
B ADC3511 converts 0 to ±1999 counts 
a ADC3711 converts 0 to ±3999 counts 
B Addressed BCD outputs 
B No external precision components necessary 

□ Easily interfaced to microprocessors or other digital 
systems 

□ Medium speed — 200 ms/conversion 

□ TTL compatible 

B Internal clock set with RC network or driven externally 
B Overflow indicated by hex “EEEE” output reading as 
well as an overflow output 

Applications 

B Low cost analog-to-digital converter 
B Eliminate analog multiplexing by using remote 
A/D converters 

B Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 



Connection Diagram 


Dual-ln-Llne Package 



Order Number ADC3511CCN or 
ADC3711CCN 
NS Package N24A 


TOP VIEW 


TL/H/5678-1 


ADC3511/ADC3711 








ADC3511/ADC3711 


Absolute Maximum Ratings (Notei) 

Voltage at Any Pin —0.3V to Vcc + 0.3V Absolute Maximum Vcc 6.5V 

Operating Temperature Range (Ta) -40°Cto -l-85°C Storage Temperature Range -65°C to -t- ISO’C 

Package Dissipation at Ta = 25°C 500 mW Lead Temperature (Soldering, 1 0 seconds) 300°C 

Operating Vcc Range 4.5V to 6.0V 

DC Electrical Characteristics adc35iicc,adc37iicc 

4.75V ^ Vcc ^ 5.25V, -40 °C^Ta^ -I-85°C, unless othenwise specified. 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

V|N(i) Logical “1" Input Voltage 

(Except f|N) 


Vcc -1-5 



V 

ViN(O) Logical “0" Input Voltage 

(Except f|N) 

nm 



1.5 

V 

V|N(i) Logical “1” Input Voltage 

(f|N) 


CO 

d 

I 

o 

o 

> 



V 

V|N( 0 ) Logical "0” Input Voltage 

(f|N) 

im 



0.6 

V 

Vout(1) Logical “1 ” Output Voltage 

(Except20,2l,22, 23) 

lo = 360(iiA 

< 

o 

o 

I 

o 



V 

VouT(i) Logical "1 ” Output Voltage 

(20,21,22, 23) 

lo = 360juiA 

< 

o 

o 

I 

b 



V 

VouT(O) Logical “0” Output Voltage 

lo = 1.6 mA 



0.4 

V 

liN(i) Logical “1 ” Input Current 

(SC, DLE, DO, D1) 

< 

z 

II 

o 


0.005 

1.0 

)JlA 

liN( 0 ) Logical “0” Input Current 

(SC, DLE, DO, D1) 

V|N = 0V 

-1.0 

-0.005 


JU.A 

Icc Supply Current 

All Outputs Open 


0.5 

5.0 

mA 

AC Electrical Characteristics ADC351 ICC, ADC371 ICC 

Vcc"=5V: Ta = 25°C, Cl = 50 pF; tr=tf = 20 ns; unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

lose Oscillator Frequency 



0.6/RC 


Hz 

fiN Clock Frequency 


100 


640 

kHz 

fcONV Conversion Rate 

ADC3511CC 

ADC3711CC 

f|N/64,512 
flN/ 129,024 

conversions/sec 

conversions/sec 

tscpw Start Conversion Pulse Width 


200 


DC 

ns 

IpdO, tpdi Propagation Delay 

D0,D1,to 20,21,22, 23 

DLE = 0V 

- 

2.0 

5.0 

p.S 

IpdO. tpdi Propagation Delay 

DLE to 20, 21, 22, 23 



2.0 

5.0 

/XS 

tsET-UP Set-Up Time 

DO, D1,to DLE 

tHOLD = 0 ns 


,100 

200 

ns 

tpwDLE Minimum Pulse Width 

Digit Latch Enable (Low) 



100 

200 

ns 
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Converter Characteristics adc 35 iicc.adc 37 iicc 4 . 75 ^vcc^ 5 . 25 V: - 40 ”c^ta^+ 85 ‘c. 

fc = 5 conv./sec (ADC3511CC): 2.5 conv./sec (ADC3711CC); unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

Non-Linearity 

V|n = 0-2V Full Scale 

-0.05 

±0.025 

+ 0.05 

% of Full-Scale 


V|N = 0-200 mV Full Scale 




(Note 3) 

Quantization Error 


-1 


+ 0 

Counts 

Offset Error 

< 

z 

II 

o 

< 

-0.5 

+ 1.0 

+ 3.0 

mV 






(Note 4) 

Rollover Error 


-0 


+ 0 

Counts 

ViN-t-iV|N- Analog Input Current 

Ta = 25°C 

-5 

±1 

+ 5 

nA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operatfon. 
Note 2: All typicals are given for Ta=25°C. 

Note 3: For the ADC3511CC: full-scale = 1999 counts; therefore 0.025% of full-scale = Vi count and 0.05% of full-scale=1 count. For the ADC3711CC; full- 
scale =3999 counts; therefore 0.025% of full-scale = 1 count and 0.05% of full-scale =2 count. 

Note 4: For full-scale = 2.000V: 1 mV = 1 count for the ADC351 1CC; 1 mV = 2 counts for the ADC371 ICC. 


Biock Diagram 

ADC351 1 3 Va-DIglt A/D (*ADC371 1 3 y^DIglt A/D) 



6-147 


ADC3511/ADC3711 
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Applications Information 

THEORY OF OPERATION 

A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vref or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
VouT"= Vref and if Q is at a low level VouT = 0V. This volt- 
age is then applied to the low pass filter comprised of R1 
and Cl. The output of this filter, Vfb. is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n. The output of the comparator 
is connected to the D input of the D flip-flop. Ir^formation is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, V|n. 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500V. If the Q output of the D flip- 
flop is high then VouT will equal Vref (2.000V) and Vfb will 
charge toward 2V with a time constant equal to R1C1. At 
some time Vfb will exceed 0.500V and the comparator out- 
put will switch to OV. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vqut 
to switch to OV. At this time, Vfb will start discharging 
toward OV with a time constant R1C1. When Vfb 's less 
than 0.5V the comparator output will sv/itch high. On the 
rising edge of the next clock the Q output of the D flip-flop 
will switch high and the process will repeat. There exists at 
the output of SW1 a square wave pulse train with positive 
amplitude Vref and negative amplitude OV. 

The DC value of this pulse train is: 

VouT = Vref; — — = Vref (duty cycle) 

‘ON + iQFF 


The lowpass filter will pass the DC value and then: 

Vfb = Vref (duty cycle) 

Since the closed loop system will always force Vfb to equal 
V|N, we can then say that: 

V|N = Vfb = Vref (duty cycle) 
or 

Vim 

= (duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
fiN. The resultant frequency f equals: 
f=(duty cycle) x(f in) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 

For the ADC3511 N = 2000. 

For the ADC3711 N = 4000. 




COUNTEBNO. 1 (SNI 14' f BESET 


V|N = VFB=VnEFX(duty cycle) 
f = (duty cycle) xf IN 

^ . t (duty cycle) x f|N V|n ,, 

Count in counter no. 1 = = — — = x N 

(f|N)/N (flN)'^N Vref 


FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter 
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Truth Table 


DIGIT SELECT INPUTS 

DLE 

D1 

DO 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 

H 

X 

X 


SELECTED DIGIT 

Digit 0 (LSD) 

Digit 1 
Digit 2 

Digit 3 (MSD) 
Unchanged 


L = Low logic level 
H = High logic levei 
X = Irrelevant logic level 


The value of the Selected Digit is presented at the 23, 22, 21 and 
2° outputs in BCD format. 


Timing Diagrams 


Note 1: If the value of a digit changes while it is selected, that 
change will be reflected at the outputs. 

Note 2: An overflow condition will be indicated by a high level on 
the OVERFLOW output (pin 5) and E16 in all digits. 

Note 3: The sign of the input voltage, when these devices are 
operated in the bipoiar mode, is indicated by the SIGN output (pin 
8). A high levei indicates a positive voltage, a low level a negative. 



BliniBi 


23, 2^,2', 2® 



Typical Applications 


Figure 4 shows the ADC3511 and ADC3711 connected to 
convert 0 to +2.000 volts full scale operating from a non- 
isolated power supply. (Note that the ADC351 1 converts 0 
to +1999 counts full scale, while the ADC371 1 converts 0 
to +3999 counts full scale.) In this configuration the SIGN 
output (pin 8) should be ignored. Higher voltages can, of 
course, be converted by placing fixed dividers in the inputs, 
while lower voltages can be converted by placing fixed di- 
viders in the feedback loop, as shown in Figure 6. 

Figures 5 and 6 show systems operating with isolated sup- 
plies that will convert both polarities of inputs. 60 Hz com- 
mon-mode noise can become a problem in these config- 


urations, so shielded transformers have been shown in the 
figures. The necessity for, and the type of shielding needed 
depends on the performance requirements, and the actual 
applications. 

The filter capacitors connected to VpB (pin 12) and Vfilter 
(pin 11) should be of a low leakage variety. In the examples 
shown every 1.0 nA of leakage will cause approximately 0.1 
mV error (I.OXIO-SAx 100 kn = 0.1 mV). If the currents in 
both capacitors are exactly equal however, little error will 
result since the source impedances driving both capacitors 
are approximately matched. 
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Note 1: All resistors 'U watt, and 
±5%, unless otherwise specified. 
Note 2: All capacltors± 10%. 
Note 3: Low leakage capacitor. 

Note 4: R 3 = ^^"4 - ±250. 


FIGURE 5. 3 Vz-Digit A/D; ± 1999 Counts, ±2.000 Volts Full Scale 
(3 y 4 -Dlgit A/D; ±3999 Counts, ±2.000 Volts Full Scale) 


6-151 


ADC3511/ADC3711 










ADC3511/ADC3711 


Typical Applications (Continued) 



TL/H/5678-7 


Note 1: All resistors % watt, and +5%, unless otherwise specified. 
Note 2: All capacitors ±10% 

Note 3: Low leakage capacitor. 

R1 R2 

Note4:R3 = - — ±50n 

^ R1 + R2 

Note 5: R4 = 900k +1% for the ADC3511CC, 200.0 mV Full-Scale. 
R4 = 400k±1% for the ADC3711CC, 400.0 mV Full-Scale. 


FIGURE 6. 3 Va-Digit A/D; ± 1999 Counts, ±200.0 mV Full Scale 
(3 y 4 -Digit A/D; ± 3999 Counts, ± 400.0 mV Full-Scale) 
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Nah'onal 

Semiconductor 


ADD3501 31/2 Digit DVM with 
Multiplexed 7-Segment Output 


General Description 

The ADD3501 (MM74C935-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com- 
ponents. In addition, this technique allows the use of a refer- 
ence voltage that is the same polarity as the input voltage. 
One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available, it is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 

The ADD3501 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read +OFL or -OFL, depending on whether the input volt- 
age is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included on all 4 versions of this product. 


Connection Diagram 


Vcc ■ 
ANALOG Vcc ' 
Sd- 
Sc- 
Sb • 
Si- 
OFLO . 

CONVERSION COMPLETE . 
START CONVERSION . 

SIGN . 
VfILTER • 
V|N(-) • 
V|nW. 
VfB- 


Features 

■ Operates from single 5V supply 

■ Converts OV to ±1 .999\/ 

■ Multiplexed 7-segment 
B Drives segments directly 

B No external precision component necessary 
D Accuracy specified over temperature 
B Medium speed - 200ms/conversion 
B Internal clock set with RC network or driven externally 
a Overrange Indicated by -t-OFL or -OFL display read- 
ing and. OFLO output 

B Analog inputs in applications shown can withstand 
±200 Volts 

Appiications 

□ Low cost digital power supply readouts 
a Low cost digital multimeters 
B Low cost digital panel meters 

B Eliminate analog multiplexing by using remote A/D con- 
verters 

B Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 


1 


28 

2 


27 

3 


28 

4 


2S 

5 


24 

c 


23 

7 

AD035D1 

22 

8 


21 

9 


20 

10 


)9 

11 


11 

12 


17 

13 


16 

14 


15 


s. 

Si 

GND 

DIGIT) (MSDI 

DIGIT2 

DIGITS 

DIGIT4ILSDI 

'OUT 

'IN 

Vref 

SW1 

SW2 

. ANALOG GND 


Order Number ADD3501CCN 
See NS Package N28B 
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Absolute Maximum Ratings (Note d 

Voltage at Any Pin -0.3V to Vcc + 0.3V 

Operating Temperature Range (Ta) -40°C to +85°C 
Package Dissipation at Ta = 25°C 800mW 

derate at 0jA{MAX) = 125°C/Watt above Ta = 25°C 


Operating Vcc Range 4.5V to 6.0V 

Absolute Maximum Vcc 0-5V 

Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range -65°C to + 150°C 


Electrical Characteristics addosoi 

4.75 ^ Vcc ^ 5.25V, ~40°C ^ Ta ^ +85°C, unless otherwise specified. 


Parameter | 

Conditions 

Min 

Typ(2) 

Max 

Units 


Logical “1” Input Voltage 


Vcc- 1.5 



V 


Logical "0” Input Voltage 




1.5 

V 

VOUT(O) 

Logical “0” Output Voltage 
(All Digital Outputs except 

Digit Outputs) 

lo= 1.1 mA 



0.4 

V 

VOUT(O) 

Logical “0” Output Voltage 
(Digit Outputs) 

lo=0.7 mA 



0.4 

V 

VoUT( 1 ) 

Logical "1 ” Output Voltage 

lo = 50 mA@Tj = 25°C Vcc= 5V 

Vcc -1.6 

< 

o 

o 

1 

CO 


V 


(All Segment Outputs) 

lo = 30 mA@Tj=100°C 

CO 

7 

o 

o 

> 

Vcc -1.3 


V 

V0UT(1) 

Logical "1 ” Output Voltage 

lo = 500;xA (Digit Outputs) 

< 

o 

o 

1 

o 


mm 

V 


(All Digital Outputs except 

lo = 360pA (Conv. Complete, 






Segment Outputs) 

+ /—, Of lo Outputs) 





ISOURCE 

Output Source Current 
(Digit Outputs) 

VoUT— 1-OV 

2.0 


■ 

mA 

l|N(1) 

Logical “1 ” Input Current 
(Start Conversion) 

V|n = 1.5V 



1.0 

juA 

l|N(0) 

Logical "0” Input Current 
(Start Conversion) 

V|N = 0V 

-1.0 


■ 

f^A 

icc 

Supply Current 

Segments and Digits Open 


0.5 

10 

mA 


Oscillator Frequency 



0.6/RC 


kHz 

^IN 

Clock Frequency 


100 


640 

kHz 

fc 

Conversion Rate 



f|N/64,512 


conv./sec 

<MUX 

Digit Mux Rate 



flN/256 


Hz 

tBLANK 

Inter Digit Blanking Time 



1/(32fMUX) 


sec 

tSCPW 

Start Conversion Pulse Width 


200 


DC 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range” they are not 
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 
Note 2: All typicals given for Ta - 25°C. 
































































Electrical Characteristics addssoi 

tc = 5 conversions/second, 0 °C^Tas; 70°C, unless otherwise specified. 


Non-Linearity 


Quantization Error 


Offset Error, V|n = 0V 


Rollover Error 


Analog Input Current 


(ViN + .ViN-) 


Block Diagram 


Vin = 0-2V Full Scale 
V|N = 0 - 200mV Full Scale 


% of 
full scale 



ADD3501 aVrDigit DVM Block Diagram 


ANALOG Vcc 
vfilter 



OVERFLOW 
CONV COMPLETE 
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Theory of Operation 

A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vref or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level 
Vout = Vref and if Q is at a low level VouT=0'/- This volt- 
age is then applied to the low pass filter comprised of R1 
and C1. The output of this filter, Vfb, is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n. The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, Vin- 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500V. If the Q output of the D flip- 
flop is high then VouT will equal Vref (2.000V) and Vfb will 
charge toward 2V with a time constant equal to RiCi. At 
some time Vfb will exceed 0.500V and the comparator out- 
put will switch to OV. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing VouT 
to switch to OV. At this time Vfb will start discharging toward 
OV with a time constant RiCi. When Vfb is less than 0.5V 
the comparator output will switch high. On the rising edge of 
the next clock the Q output of the D flip-flop will switch high 
and the process will repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude Vref 
and negative amplitude OV. 

The DC value of this pulse train is: 

VoUT = Vref(7~~T ) = VREF(duty cycle) 

Tqn + Toff 


The lowpass filter will pass the DC value and then: 

Vfb =VREF( duty cycle) 

Since the closed loop system will always force Vfb to equal 
V|N, we can then say that: 

V|N = Vfb = VREF(duty cycle) 


= (duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
f|fg. The resultant frequency f equals: 

f= (duty cycle) X (clock) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 


(count) = 


(clock)/N 

VlN 


(duty cycle) X (clock) 
(clock)/N 


For the ADD3501, N = 2000. 


Schematic Diagram 



COUNTER NO.Zt^ZN) 


ViN=VFB=VREFX(duty cycle) 


f = (duty cycle) xf|fj 


„ . „ f (duty cycle) Xf In V|m 

Count in Counter No. 1=- — — — ■> 

f|N/N f|N/N Vref 

Figure 1. Analog Loop Schematic 
Puise Modulation A/D Converter 
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CONVERSION CYCLE r 
(INTERNAL SIGNAL) | 


U 


U 


r“i 

START conversion; : 



I I 


conversionT 

COMPLETE • 



Figure 3. Conversion Cycie Timing Diagram Operating with Start Conversion Input 

Applications 


TL/H/5681-5 


SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design- 
ing a system using the ADD3501 is power supply noise on 
the Vcc and ground iines. Because a singie power supply is 
used and currents in the 300 mA range are being switched, 
good circuit iayout techniques cannot be overemphasized. 
Great care has been exercised in the design of the 
ADD3501 to minimize these probiems but poor printed cir- 
cuit iayout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been made to show, on these schematics, the 
proper distribution for ground and Vcc- To help isolate digi- 
tal and analog portions of the circuit, the analog Vcc and 
ground have been separated from the digital Vcc and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vcc and ground wires. The most effec- 
tive method of accomplishing this is to use a single ground 
point and a single Vcc Point where all wires are brought 
together. In addition to this the conductors must be of suffi- 
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec- 
essary. The LM309 and the LM340-5 voltage regulators 
both function well and are shown in Figures 4, 5, and 6. 
Adding more filtering than is shown will in general increase 


the jitter rather than decrease it. The most important char- 
acteristic of transients on the Vcc line is the duration of the 
transient and not its amplitude. 

Figure 4 shows a DPM system which converts OV to 1 .999V 
operating from a non-isolated power supply. In this configu- 
ration the sign output could be -I- (logic “1”) or - (logic 
“0”) and it should be ignored. Higher voltages could be con- 
verted by placing a fixed divider on the input; lower voltages 
could be converted by placing a fixed divider on the feed- 
back, as shown in Figure 6. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode input becomes a problem in this configura- 
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to Vfb (pin 14) and Vflt 
( pin 11) should be low leakage. In the application examples 
shown every I.OnA of leakage current will cause 0.1 mV er- 
ror (1.0xl0“9Axl00kD = 0.1mV). If the leakage current in 
both capacitors is exactly the same no error will result since 
the source impedances driving them are matched. 
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1. ALL RESISTORS Vi WATT ± 5% UNLESS OTHERWISE 
SPECIFIED. 

2. ALL CAPACITORS ±10%. 

3. LOW LEAKAGE CAPACITOR REQUIRED. 

RiR? 


Figure 4. SYs-Digit DPM, + 1.999 Volts Full Scale 
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SPECIFIED. 

2. ALL CAPACITORS ±10%. 

3. LOW LEAKAGE CAPACITOR REQUIRED. 

RiR2 


Rl + R2 

Figure 5. syg-Digit DPM, ± 1.999 Volts Full Scale 


= R3±25n 



TL/H/5681-7 
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ADD3701 


^National 
JSi Semiconductor 


ADD3701 3% Digit DVM with Multiplexed 7-Segment 
Output 


General Description 

The ADD3701 (MM74C936-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com- 
ponents. In addition, this technique allows the.use of a refer- 
ence voltage that is the same polarity as the input voltage. 
One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 

The ADD3701 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read -f OFL or -OFL, depending on whether the input volt- 
age Is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included. 


Features 

■ Operates from single 5V supply 

■ Converts 0 to + 3999 counts 

■ Multiplexed 7-segment 

■ Drives segments directly 

■ No external precision components necessary 

■ Accuracy specified over temperature 

■ Medium speed — 400 ms/conversion 

■ Internal clock set with RC network or driven externally 

■ Overrange indicated by -f OFL or —OFL display read- 
ing and OFLO output 

■ Analog inputs in applications shown can withstand 
±200 Volts 


Applications 

■ Low cost digital power supply readouts 

■ Low cost digital multimeters 

■ Low cost digital panel meters 

■ Eliminate analog multiplexing by using remote A/D con- 
verters 

■ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 

■ Indicators and displays requiring readout up to 3999 
counts 


Connection Diagram 


Vcc* 
ANALOG Vcc- 
Sd- 
Sc* 
Sb- 
S,- 
OFIO- 

CONVERSION COMPLETE- 
START CONVERSION - 
SIGN- 
VflLTER- 


1 

28 

2 

27 

3 

2S 

4 

25 

$ 

24 

S 

23 

7 

22 

, ADD3701 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


ISl— ANALOG GND 


Order Number ADD3701CCN 
See NS Package N28B 
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Absolute Maximum Ratings (Notei) 

Voltage at Any Pin except Start Conversion - 0.3V to Opt 

Vcc+0.3V Abs 

Voltage at Start Conversion - 0.3V to + 15.0V Lea 

Operating Temperature Range (Ta) -40°Cto+85°C g^o 
Package Dissipation at Ta = 25°C SOOmW 

Electrical Characteristics add37oi 

4.75V ^Vcc^ 5.25V, -40 °C^Ta^ + 85°C, unless otherwise specified. 


Operating Vcc Range 4.5V to 6.0V 

Absolute Maximum Vcc 

Lead Temperature (Soldering, 10 seconds) 300°C 

Storage T emperature Range - 65°C to + 1 50°C 


VlNd 


V|N(0) 



Logical “1" Input Voltage 


Logical "O” Input Voltage 


VouT(O) Logical "0” Output Voltage 
(All Digital Outputs Except 
Digital Outputs) 


'/OUT(O) Logical “0" Output Voltage 
(Digit Outputs) 


'/ 0 UT( 1 ) Logical “1 " Output Voltage 
(All Segment Outputs) 


VoUT(i) Logical “1 ” Output Voltage 
(All Digital Outputs Except 
Segment Outputs) 


•source Output Source Current 
(Digital Outputs) 


liN(i) Logical “1" Input Current 
(Start Conversion) 


I|N( 0 ) Logical “0" Input Current 
(Start Conversion) 


Icc Supply Current 

Oscillator Frequency 


flN Clock Frequency 


fc Conversion Rate 


•mux Digit Mux Rate 


•blank inter Digit Blanking Time 


•SCPW Start Conversion Pulse Width 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. ' 
Note 2: All typicals given for 7*= 25”C. 

Note 3: Full scale = 4000 counts; therefore 0.025% of full scale = 1 count and 0.05% of full scale = 2 counts. 

Note 4: For 2.000 Volts full scale, 1 mV = 2 counts. 
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Electrical Characteristics add37oi 

tc=2.5 conversions/second, 0 °C^Ta^ +70°C, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ2 

Max 

Units 

Non-Linearity of Output 

V|n = 0-2V Full Scale 

-0.05 

±0.025 

±0.05 

% full scale 

Reading 

V|N = 0-200 mV Full Scale 




(Note 3) 

Quantization Error 


-1 


+ 0 

counts 

Offset Error, V|N = 0V 


-0.5 

+ 1.5 

+ 3 

mV (Note 4) 

Rollover Error 


-0 


+ 0 

counts 

Analog Input Current 
(V|N + .V,N-) 

Ta = 25°C 

-5 

±1 

+ 5 

nA 


Block Diagram 



ADD3701 33^-D^git DVM Block Diagram 
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Theory of Operation 


A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vp^p or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
VouT^-'Vppp and if Q is at a low level VouT==0V. This volt- 
age is then applied to the low pass filter comprised of R1 
and C1. The output of this filter, Vpg, is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n. The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, Vi^. 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500 V. If the Q output of the D flip- 
flop is high then Vqut will equal Vref (2.000 V) and VpB will 
charge toward 2 V with a time constant equal to RiCi. At 
some time Vfb will exceed 0.500 V and the comparator 
output will switch to OV. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vqut 
to switch to OV. At this time Vrb will start discharging toward 
OV with a time constant RiC-|. When Vfb is less than 0.5 V 
the comparator output will switch high. On the rising edge of 
the next clock the Q output of the D flip-flop will switch high 
and the process will repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude Vref 
and negative amplitude OV. 

The DC value of this pulse train is; 

Vqut = Vref ; — — ""Vref (duty cycle) 

Schematic Diagram 


The lowpass filter will pass the DC value and then: 

Vfb = Vref (duty cycle) 

Since the closed loop system will always force Vrb to equal 
V|N, we can then say that: 

V|N = Vfb = Vref (duty cycle) 
or 

Vim 

=(duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
fiN. The resultant frequency f equals: 
f = (duty cycle) X (clock) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 

f (duty cycle) X (clock) 

(clock)/N (clock)/N 

-!^xn 

Vref 

For the ADD3701 N = 4000. 



ViN = Vfb = Vref X (duty cycle) 
f = (duty cycle) xt|N 

. f (duty cycle) X f|M V|n 

Count in Counter No. 1 XN 

f|N/N f|N/N Vref 

FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter 
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General Information 

The timing diagram, shown in Figure 2, gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic “1" (Vcc)- 
In this mode the analog input is continuously converted and 
the display is updated at a rate equal to 1 29,024 x 1/fiN. 
The rising edge of the Conversion Complete output indi- 
cates that new information has been transferred from the 
internal counter to the display latch. This information will 
remain in the display latch until the next low-to-high tran- 
sition of the Conversion Complete output. A logic “1 ” will be 
maintained on the Conversion Complete output for a time 
equal to 128 x 1/f|N. 

Figure 3 gives the operation using the Start Conversion in- 
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. 


Internally the ADD3701 is always continuously converting 
the analog voltage present at its input. The Start Conversion 
input is used to control the transfer of information from the 
internal counter to the display latch. 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic “0” on the rising edge of the Start Conversion pulse 
and goes to a logic “1 " some time later when the new con- 
version is transferred from the internal counter to the dis- 
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 1 29,024 x 1 /fj^ and the minimum time 
is 512X1/f|N. 


Timing Waveforms 


CONVERSION CYCLE 
(INTERNAL SIGNAL) 


CONVERSION 
. COMPLETE , 



NEW 

CONVERSION 

STARTS 


-129,024 x 1/f|N- 
-129,000 x 1/l|ri- 

-128,512x1/l|N- 



CONVERSION 

ENOS 


FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
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CONVERSION CYCLE i 
(INTERNAL SIGNAL) 


r-i 

START CONVERSION! • 


CONVERSION 

COMPLETE 


FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 


Applications 


SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design- 
ing a system using the ADD3701 is power supply noise on 
the Vcc and ground lines. Because a single power supply is 
used and currents in the 300 mA range are being switched, 
good circuit layout techniques cannot be overemphasized. 
Great care has been exercised in the design of the 
ADD3701 to minimize these problems but poor printed cir- 
cuit layout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been made to show, on these schematics, the 
proper distribution for ground and Vcc- To help isolate digi- 
tal and analog portions of the circuit, the analog Vcc and 
ground have been separated from the digital Vcc and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vcc and ground wires. The most effec- 
tive method of accomplishing this is to use a single ground 
point and a single Vcc Point where all wires are brought 
together. In addition to this the conductors must be of suffi- 
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec- 
essary. The LM309 and the LM340-5 voltage regulators all 
function well and are shown in Figures 4, 5, and 6. Adding 
more filtering than is shown will in general increase the jitter 
rather than decrease it. 


The most important characteristics of transients on the Vcc 
line is the duration of the transient and not its amplitude. 
Figure 4 shows a DPM system which converts 0 to 4- 3.999 
counts operating from a non-isolated power supply. In this 
configuration the sign output could be 4- (logic “1”) or — 
(logic “0”) and it should be ignored. Higher voltages could 
be converted by placing a fixed divider on the input; lower 
voltages could be converted by placing a fixed divider on 
the feedback, as shown in Figure 5. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode, input becomes a problem in this configura- 
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to Vpe (pin 14) and Vplt 
( pin 11) should be low leakage. In the application examples 
shown every 1.0 nA of leakage current will cause 0.1 mV 
error (1 .ox 10-9A X 100kfl = 0.1 mV). If the leakage cur- 
rent in both capacitors is exactly the same no error will re- 
sult since the source impedances driving them are matched. 
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ADD3701 


‘P POWER GND 



NOTES: 

1. ALL RESISTORS % WATT ± 5% UNLESS OTHERWISE SPECIFIED 

2. ALL CAPACITORS ±10% 

3. LOW LEAKAGE CAPACITOR REQUIRED. = r3 ± 250 


Figure 4. 3%-Digital DPM, + 3.999 Count Full Scale 
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3. LOW LEAKAGE CAPACITOR REQUIRED, 
- - 5 ^^ = R3±25n. 


Rl + R2 

Figure 6. 3%-Digit DVM, Four Decade, ±0.4V, ±4V, ± 40V, and ± 400V Full Scale 
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DISPLAY 9.999 WHEN OVERFLOWED. 

ALL DIGITS CAN ALSO BE BLANKED AT 
OVERFLOW BY TYING OFL TO B1 ON THE 
CD4543S. 


Figure 7. ADD3701 Driving Liquid Crystal Display 
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D AC0830/D AC083 1 /DAC0832 



National 

Semiconductor 


DAC0830/DAC083 1 /DAC0832 

8-Bit juP Compatible, Double-Buffered D to A Converters 


General Description 

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, Z80®, and other popular microprocessors. A deposit- 
ed silicon-chromium R-2R resistor ladder network divides 
the reference current and provides the circuit with excellerit 
temperature tracking characteristics (0.05% of Full Scale 
Range maximum linearity error over temperature). The cir- 
cuit uses CMOS current switches and control logic to 
achieve low power consumption and low output leakage 
current errors. Special circuitry provides TTL logic input volt- 
age level compatibility. 

Double buffering allows these DACs to output a voltage cor- 
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any num- 
ber of DACs. 

The DAC0830 series are the 8-bit members of a family of 
microprocessor-compatible DACs (MICRO-DAC). For appli- 
cations demanding higher resolution, the DAC1000 series 
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avail- 
able alternatives. 


Features 

■ Double-buffered, single-buffered or flow-through digital 
data inputs 

■ Easy interchange and pin-compatible with 12-bit 
DAC1 230 series 

■ Direct interface to all popular microprocessors 

■ Linearity specified with zero and full scale adjust only— 
NOT BEST STRAIGHT LINE FIT. 

■ Works with ±10V reference-full 4-quadrant multiplica- 
tion 

■ Can be used in the voltage switching rnode 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

■ Operates “STAND ALONE” (without jaP) if desired 


Key Specifications 

■ Current settling time 

■ Resolution 

■ Linearity. 

(guaranteed over temp.) 

■ Gain Tempco 

■ Low power dissipation 

■ Single power supply 


1 flS 

8-bits 
8, 9, or 10 bits 

0.0002% FS/°C 
20 mW 
5 to 1 5 Vdc 


Typical Application 



Connection Diagram Top View 


Order Numbers DAC0830, 
DAC0831,DAC0832 
See NS Packages D20A and N20A 


cs 

wh) 

CND 

Dl3 

Olz 

Dl, 

I (LSB) 
Vref 
R ib • 
GND ' 


DAC0830 

DACD831 

0ACa838 


Vcc 

Ile (BYTE1/BYTR)t 

WRj 
XFH 


tTHIS IS NECESSARY 
FOR THE 12-BIT 
DAC1230 SERIES TO 
PERMIT INTERCHANGING 
FROM AN 8-BIT TO A 

I DIeIMSB) 12-bit DAC with no pc 

BOARD CHANGES AND 
NO SOFTWARE 
CHANGES, SEE 
APPLICATIONS SECTION. 


•OUIE 

louTI 
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Absolute Maximum Ratings Operating Ratings 

(Notes land 2) Temperature Range 

Supply Voltage (Vcc) ITVqc Part numbers with 'LCN' suffix 

Voltage at any digital input VcctoGND Part numbers with ‘LCD’ suffix 

Voltage at Vref input ±25V Part numbers with ‘LD’ suffix -5J 

Storage temperature range -65°Cto +150'’C Voltage at any digital input 

Package dissipation at Ta = 25°C (Note 3) 500 mW 

DC voltage applied to louTl ot louT2 - 1 00 mV to Vcc 
(Note 4) 

Lead temperature (soldering, 1 0 seconds) SOO^C 

Electrical Characteristics Vref = 10.000 Vdc unless otherwise noted. Boldface limits apply over 
temperature, Tmin^Ta^Tmax- For all other limits Ta = 25'’C. 


Tmin^Ta^Tmax 
o°c to yo-c 
-40'’Cto ^-SS-C 
-55°Cto +125°C 
Vcc TO GND 



Vcc=12Vdc± 5% 
to 15 Vdc ±5% 

Vc( 

; = 5Vdc±5% 

Typ. 

Tested 

Limit 

Design 

Limit 

Typ. 

Tested 

Limit 

Design 

Limit 


(Note 5) 

(Note 6) 


(Note 5) 

(Note 6) 


Converter Characteristics 


Resolution 


Linearity Error Max. 


Zero and full scale adjusted 
-10V^Vref^ + 10V 
DAC0830LD & LCD 
DAC0832LD & LCD 
DAC0830LCN 
DAC0831LCN 
DAC0832LCN 


Differential Nonlinearity 
Max. 


Monotonicity 


Gain Error Max. 


Gain Error Tempco Max. 


Power Supply Rejection 


Reference Input Max. 

Min. 


Output Feedthrough Error 


Output Iqliti 

Capacitance Iout 2 

Iquti 



Zero and full scale adjusted 
-10V^Vref^ + 10V 
DAC0830LD & LCD 
DAC0832LD & LCD 
DAC0830LCN 
DAC0831LCN 
DAC0832LCN 


-IOV^Vref LD&LCD 
^ + 10V LCN 


Using Internal Rfp 
-10V^Vref^ + 10V 


All digital inputs latched high 
Vcc = 14.5V to 15.5V 
11.5V to 12.5V 
4.5V to 5.5V 


Vref = 20 Vp-p,f=100 kHz 
All data inputs latched low 


Output Leakage 
Current Max. 

Iquti 

All data inputs LD & LCD 
latched low LCN 

10 


100 

50 

100 


100 

50 

100 

nA 


IOUT2 

All data inputs LD & LCD 
latched high LCN 


■1 

100 

50 

100 


100 

50 

100 

nA 


All data inputs 
latched low 


All data inputs 
latched high 
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DAC0830/D AC083 1 /D AC0832 


Electrical Characteristics (Continued) Vref= 10.000 N/qc unless othenwise noted. Boldface limits apply over 
temperature, Tmin^Ta^Tmax- For all other limits Ta = 25'’C. 


Limit 

Tested Design Units 

Limit Limit 

(Note 5) (Note 6) 



Vcc=12Vdc±5% 

to15VDC±5% 

Typ. 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 


Digital and DC Characteristics 


Digital Input 
Voltages 

Max. 

Logic Low LD 

LCD 

LCN 


Min. 

Logic High LD & LCD 
LCN 

Digital input 


Digital inputs <0.8V 

Currents 

Max. 

LD & LCD 



LCN 



Digital inputs > 2.0V 



LD & LCD 



LCN 

Supply Current 

LD & LCD 

Drain 

Max. 1 

LCN 


AC Characteristics 


Is 

Current Setting 

Time 

V|L=0V, V|h = 5V 

tw 

Write and XFER 

Pulse Width Min. 

V|L = 0V, V|h = 5V 

Ids 

Data Setup Time 

Min. 

V|L = 0V, V|h = 5V 

Idh 

Data Hold Time Min. 

V|L = 0V, V|h = 5V 

ics 

Control Setup Time 

Min. 

V|l = 0V.V|h = 5V 

ICH 

Control Hold Time 

Min. 

V|L = 0V, V|h = 5V 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these “Absolute Maximunf' limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: Max. Tj for the D suffix package is 150°C with 0ja=8O”C/W, Max. Tj for the N suffix package is 125°C with 0ja=12O'C/W. 

Note 4: For current switching applications, both Iquti 3nd Iout 2 rnusf 90 to ground or the “Virtual Ground" of an operational amplifier. The linearity error is 
degraded by approximately Vqs Vref- For example, if Vref = 1 OV then a 1 mV offset, Vqs, on Iquti or louTz will introduce an additional 0.01 % linearity error. 
Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Guaranteed at Vref= ± 1 0 Vqq and Vref= ± f Vqq. 

Note 8: The unit “FSR" stands for "Full Scale Range.” “Linearity Error" and “Power Supply Rejection" specs are based on this unit to eliminate dependence on a 
particular Vref value and to indicate the true performance of the part. The "Linearity Error" specification of the DAC0830 is “0.05% of FSR (MAX)”. This 
guarantees that after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 
0.05% X Vref of a straight line which passes through zero and full scale. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating, the feedthrough is typically 6m V. 

Note 10: A lOOnA leakage current with Rfb = 20k and Vref=10V corresponds to a zero error of (lOOX 10-9x 20 X 103) x 100/10 which is 0.02% of FS. 

Note 11: The entire write pulse must occur within the valid data interval for the specified tyv, Iqs. Idh. sod ts to apply. 
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Switching Waveform 
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Definition of Package Pinouts 

Control Signals (All control signals level actuated) 

CS: Chip Select (active low). The CS in combina- 

tion with ILE will enable WRi. 

ILE: Input Latch Enable (active high). The ILE in 

combination with CS e nables WRi. 

WRi: Write 1. The active low WRi is used to load the 

digital input data bits (Dl) into the input l atch. 
The data in the input latch is latched when WRi 
is high. To update the input latch— CS and WRi 

must be low while ILE is high. 

WR 2 : Writ e 2 (ac tive low). This signal, in combination 

with XFER, causes the 8-bit data which is avail- 
able in the input latch to transfer to the DAC 
register. 

XFER: Trans fer contro l sig nal (active low). The 

XFER will enable WR2. 

Other Pin Functions 

DIo'DIy: Digital Inputs. DIq is the least significant bit 
(LSB) and DI7 is the most significant bit (MSB). 
Iquti^ DAC Current Output 1. Iquti is a maximum 
for a digital code of all 1's in the DAC register, 
and is zero for all O’s in DAC register. 

I 0 UT 2 : DAC Current Output 2. I0UT2 is a constant 

minus Iquti - or Iquti + iouT2 = constant (I full 
scale for a fixed reference voltage). 

Rfi,: Feedback Resistor. The feedback resistor is 

provided on the 1C chip' for use as the shunt 
feedback resistor for the external op amp 
which is used to provide an output voltage for 
the DAC. This on-chip resistor should always 
be used (not an external resistor) since it 
matches the resistors which are used in the on- 
chip R-2R ladder and tracks these resistors 
over temperature. 


Vref^ Reference Voltage Input. This input connects an 
external precision voltage source to the internal R- 
2R ladder. Vref can be selected over the range of 
-f 10 to -10V. This is also the analog voltage in- 
put for a 4-quadrant multiplying DAC application. 
Vcc- Digital Supply Voltage. This is the power supply 
pin for the part. Vqq can be from -t- 5 to +1 SVqc. 
Operation is optimum for -I- ISVqq. 

GND: .The pin 10 voltage must be at the same ground 
potential as Iquti and Iqut 2 <or current switching 
applications. Any difference of potential (Vqs pin 
10) will result in a linearity change of 

Vqs pin 10 
3Vref 

For example, if Vref = 10V and pin 10 is 9mV 
offset from Iquti and Iqut2 the linearity change 
will be 0.03%. 

Pin 3 can be offset ±100mV with no linearity 
' change, but the logic input threshold will shift. 
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a) End point test after b) Bes 

zero and fs adj. 

Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC0830 
has 28 or 256 steps and therefore has 8-bit resolution. 
Linearity Error: Linearity Error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity “end point test” (a) and the “best 
straight line” test (b,c) used by other suppliers are illustrated 
above. The “end point test” greatly simplifies the adjust- 
ment procedure by eliminating the need for multiple itera- 
tions of checking the linearity and then adjusting full scale 
until the linearity is met. The “end point test” guarantees 
that linearity is met after a single full scale adjust. (One ad- 
justment vs. multiple iterations of the adjustment.) The “end 
point test” uses a standard zero and F.S. adjustment proce- 
dure and is a much more stringent test for DAC linearity. 
Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 


b) Best straight line 


DIGITAL INPUT 

TL/H/5608-3 

c) Shifting fs adj. to pass 
best straight line test 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± ViLSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC0830 series, full-scale is Vref -1LSB. 
For Vref = 10V afid unipolar operation, Vfull-SCALE"= 
10.0000V-39mV= 9.961V. Full-scale error is adjustable to 
zero. 

Differential Nonlinearity: The difference between any two 
consecutive codes in the transfer curve from the theoretical 
1 LSB is differential nonlinearity. 

MonotonIc: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. An 8-bit DAC 
which is monotonic to 8 bits simply means that increasing 
digital input codes will produce an increasing analog output. 



8-BIT 

MULTIPLYING 

D/A 

CONVERTER 


•NOTE: WHEN LE = "r'. 0 OUTPUTS FOLLOW 0 INPUTS; 
WHEN LE = "0". DATA AT 0 IS UTCHED. 


FIGURE 1. DAC0830 Functional Diagram 
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Typical Performance Characteristics 


Digital Input Threshold 
vs. Temperature 
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Vcc = 5 













Digital Input Threshold 
vs. Vcc 


Gain and Linearity Error 
Variation vs. Temperature 



— LINEARITY ERROR 
ii;iGAIN ERROR I 


-55-35-15 5 25 45 65 85 105 125 
T», AMBIENT TEMPERATURE (*0) 

Gain and Linearity Error 
Variation vs. Supply Voltage 


5 10 15 

Vcc. SUPPLY. VOLTAGE (V) 


Write Pulse Width 


-55-35-15 5 25 45 65 65 105 125 
Ta. AMBIENT TEMPERATURE ("C| 


Data Hold Time 



5 10 1 ! 

Vcc. SUPPLY VOLTAGE (Vcc) 


rVCC=12V, VIH..3V 
Vcc^lSV, V|H-3Vor5V 


-55-35-15 5 25 45 65 85 105 125 
Ta. ambient TEMPERATURE ( “C| 



-55-35-15 5 25 45 65 B5 105 125 
Ta. ambient TEMPERATURE (°C) 

TL/H/5608-5 


DAC0830 Series Application Hints 

These DAC’s are the industry's first microprocessor com- 
patible, double-buffered 8-bit multiplying D to A converters. 
Double-buffering allows the utmost application flexibility 
from a digital control point of view. This 20-pin device is also 
pin for pin compatible (with one exception) with the 
DAC1230, a 12-bit MICRO-DAC. In the event that a sys- 
tem’s analog output resolution and accuracy must be up- 
graded, substituting the DAC1230 can be easily accom- 
plished. By tying address bit Aq to the ILE pin, a two-byte /lP 
write instruction (double precision) which automatically in- 
crements the address for the second byte write (starting 
with Aq = “1 ”) can be used. This allows either an 8-bit or the 
12-bit part to be used with no hardware or software chang- 
es. For the simplest 8-bit application, this pin should be tied 
to Vcc (3'so see other uses in section 1.1). 

Analog signal control versatility is provided by a precision R- 
2R ladder network which allows full 4-quaddrant multiplica- 
tion of a wide range bipolar reference voltage by an applied 
digital word. 

1.0 DIGITAL CONSIDERATIONS 

A most unique characteristic of these DAC's is that the 8-bit 
digital input byte is double-buffered. This means that the 
data must transfer through two independently controlled 8- 
bit latching registers before being applied to the R-2R lad- 
der network to change the analog output. The addition of a 
second register allows two useful control features. First, any 
DAC in a system can simultaneously hold the current DAC 
data in one register (DAC register) and the next data word in 
the second register (input register) to allow fast updating of 
the DAC output on demand. Second, and probably more 
important, double-buffering allows any number of DAC’s in a 


system to be updated to their new analog output levels 
simultaneously via a common strobe signal. 

The timing requirements and logic level convention of the 
register control signals have been designed to minimize or 
eliminate external interfacing logic when applied to most 
popular microprocessors and development systems. It is 
easy to think of these converters as 8-bit "write-only” mem- 
ory locations that provide an analog output quantity. All in- 
puts to these DAC’s meet TTL voltage level specs and can 
also be driven directly with high voltage CMOS logic in non- 
microprocessor based systems. To prevent damage to the 
chip from static discharge, all unused digital inputs should 
be tied to Vcc or ground. If any of the digital inputs are 
inadvertantly left floating, the DAC interprets the pin as a 
logic “1”. 

1.1 Double-Buffered Operation 

Updating the analog output of these DAC’s in a double-buff- 
ered manner is basically a two step or double write opera- 
tion. In a microprocessor system two unique system ad- 
dresses must be decoded, one for the input latch controlled 
by the CS pin and a second for the DAC latch which is 
controlled by the XFER line. If more than one DAC is being 
driven, Figure 2, the CS line of each DAC would typically be 
decoded individually, but all of the converters could share a 
common XFER address to allow simultaneous updating of 
any number of DAC’s. The timing for this operation is 
shown. Figure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DAC’s whose input register had been modified prior to the 
XFER command. 
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DAC0830 Series Application Hints (Continued) 



•TIE TO LOGIC 1 IF NOT NEEDED (SEE SEC. 1.1). 


FIGURE 2. Controlling Mutiple DACs 


'"^INPUT LATCH ANALOG OUTPUT^ 
UPDATED UPDATED 


•DAC REGISTER LATCHED 


FIGURE 

The ILE pin is an active high chip select which can be de- 
coded from the address bus as a qualifier for the normal CS 
signal generated during a write operation. This can be used 
to provide a higher degree of decoding unique control sig- 
nals for a particular DAC, and thereby create a more effi- 
cient addressing scheme. 

Another useful application of the ILE pin of each DAC in a 
multiple DAC system is to tie these inputs together and use 
this as a control line that can effectively “freeze” the out- 
puts of all the DAC’s at their present value. Pulling this line 
low latches the input register and prevents new data from 
being written to the DAC. This can be particularly useful in 
multiprocessing systems to allow a processor other than the 


one controlling the DAC’s to take over control of the data 
bus and control lines. If this second system were to use the 
same addresses as those decoded for DAC control (but for 
a different purpose) the ILE function would prevent the 
DAC’s from being erroneously altered. 

In a “Stand-Alone” system the control signals are generat- 
ed by discrete logic. In thi^ase double -buffering can be 
controlled by simply takin g CS and XFER to a logic “0”, ILE 
to a logic “1 ” and pulling WRi low to load data to the input 
latch. Pulling WRa low will then update the analog output. A . 
logic “1” on either of these lines will prevent the changing 
of the analog output. 
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DAC0830 Series Application Hints (Continued) 


ANALOG 

OUTPUT UPDATED 


ILE = LOGIC "1": WR2 and 5<FER GROUNDED 


1.2 Single-Buffered Operation 

In a microprocessor controlled system where maximum 
data throughout to the DAC is of primary concern, or when 
only one DAC of several needs to be updated at a time, a 
single-buffered configuration can be used. One of the two 
internal registers allows the data to flow through and the 
other register will serve as the data latch. 

Digital signal feedthrough (see Section 1.5) is minimized if 
the input register is used as the data latch. Timing for this 
mode is shown in Figure 4. 

Single-b ufferin g in a “stand-alone" system is ac hieve d by 
strobin g WRi low to update the DAC with CS, WR 2 and 
XFER grounded and ILE tied high. 

1.3 Flow-Through Operation 

Though primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DAC's can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up-down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Simply grounding CS, WR-), WRg. and XFER and tying ILE 
high allows both internal registers to follow the applied digi- 
tal inputs (flow-through) and directly affect the DAC analog 
output. 

1.4 Control Signal Timing 

When interfacing these MICRO-DAC to any microprocessor, 
there are two important time relationships that must be con- 
sidered to insure proper operation. The first is the minimum 
WR strobe pulse width which is specified as 900 ns for all 
valid operating conditions, of supply voltage and ambient 
temperature, but typically a pulse width of only 180ns is 
adequate if Vcc=15Vqc. A second consideration is that 
the guaranteed minimum data hold time of 50ns should 


be met or erroneous data can be latched. This hold time is 
defined as the length of time data must be held valid on the 
digital inputs after a qualified (via CS) WR strobe makes a 
low to high transition to latch the applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse- 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 5 for an 
exemplary system which provides a 250ns WR strobe time 
with a data hold tirne of less than ions; 

The proper data set-up time prior to the latching edge (LO to 
HI transition) of the WR strobe, is insured if the WR pulse- 
width is within spec and the data is valid on the bus for the 
duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched in the internal registers, but the digital 
inputs are changing state, a narrow spike of current may 
flow out of the current output terminals. This spike is caused 
by the rapid switching of internal logic gates that are re- 
sponding to the input changes. 

There are several recommendations to minimize this effect. 
When latching data in the DAC, always use the Input regis- 
ter as the latch. Second, reducing the Vcc supply for the 
DAC from + 1 5V to + 5V offers a factor of 5 improvement in 
the magnitude of the feedthrough, but at the expense of 
internal logic switching speed. Finally, increasing Cc (Figure 
5) to a value consistent with the actual circuit bandvyidth 
requirements can provide a substantial damping effect on 
any output spikes. 
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DAC0830 Series Application Hints (Continued) 


SYSTEM 
WRITE STROBE 


ONE 

SHOT 






SYSTEM 
WRITE STROBE 


SYSTEM BATA HOLO TIME! < 10ns) 


NORMAL 

'WRITE STROBE' 


WR 

(OUTPUT OF 
ONE-SHOT) 


DAC WR 

'PULSE WIBTH' 
|3S0ns) 


DAC 

DATA HOLD TIME 
(lEOns) 


FIGURE 5. Accommodating a High Speed System 

2.0 ANALOG CONSIDERATIONS 

The fundamental purpose of any D to A converter is to pro- Figure 6. The MOS s\ 

vide an accurate analog output quantity which is representa- with a small voltage c 

tive of the applied digital word. In the case of the DAC0830, switch currents of eithi 

the output, Iquti. is a current directly proportional to the quadrant multiplying fe 

product of the applied reference voltage and the digital input _ , 

word. For application versatility, a second output, Iquts. is unipolar ou 

provided as a current directly proportional to the comple- "*"0 lyiaintain linearity c 
ment of the digital input. Basically: applied digital code, it 


I Vref .. D igital Input 
15 kn 256 ’ 

Vref 255 -Digital Input 

— iii — 

where the digital input is the decimal (base 10) equivalent of 
the applied 8-bit binary word (0 to 255), Vref is the voltage 
at pin 8 and 15 kn is the nominal value of the internal resist- 
ance, R, of the R-2R ladder network (discussed in Section 
2.1). 

Several factors external to the DAC itself must be consid- 
ered to maintain analog accuracy and are covered in subse- 
quent sections. 

2.1 The Current Switching R-2R Ladder 

The analog circuitry. Figure 6, consists of a silicon-chromi- 
um (SiCr or Si-chrome) thin film R-2R ladder which is depos- 
ited on the surface oxide of the monolithic chip. As a result, 
there are no parasitic diode problems with the ladder (as 
there may be with diffused resistors) so the reference volt- 
age, Vref, can range -10V to -FIOV even if Vcc for the 
device is 5Voc. 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches and steers the available 
ladder current to either Iquti or Iquts as determined by the 
logic input level (“1” or “0”) respectively, as shown in 


Figure 6. The MOS switches operate in the current mode 
with a small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for the 4- 
quadrant multiplying feature of this DAC. 


2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential 
(OVqc) as possible. With Vref= + 10V every millivoit ap- 
pearing at either Iquti or Iqut 2 will cause a 0.01 % linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 7. 

The inverting input of the op amp is a “virtual ground” creat- 
ed by the feedback from its output through the internal 15 
kn resistor, Rfb- All of the output current (determined by the 
digital input and the reference voltage) will flow through Rfb 
to the output of the amplifier. Two-quadrarit operation can 
be obtained by reversing the polarity of Vref fhus causing 
Iquti fo flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to Iquti ^ Rfb arid is the opposite polarity of the refer- 
ence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to -F10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is always less than or equal to the 
applied reference voltage. The Vref terminal of the device 
presents a nominal impedance of 1 5 kfl to ground to exter- 
nal circuitry. 

Always use the internal Rfb resistor to create an output volt- 
age since this resistor matches (and tracks with tempera- 
ture) the value of the resistors used to generate the output 
current (Iquti)- 
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VOUT = -(louTI X Rib) 

_ VnfF IDISITAL INPUT) 
256 


FIGURE 7. 

2.3 Op Amp Considerations 

The op amp used in Figure 7 should have offset voltage T 
nulling capability (See Section 2.5). is 

The selected op amp should have as low a value of input ^ 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FET op amps are highly recommended for use ® 
with these DACs because of their very low input current. 

Transient response and settling time of the op amp are im- ^ 
portant in fast data throughput applications. The largest sta- ® 

bility problem is the feedback pole created by the feedback ^ 

resistance, Rfb, and the output capacitance of the DAC. 

This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 8, greatly reduces overshoot 
and ringing at the output for a step change in DAC output ° 

current. ' 


Finally, the output voltage swing of the amplifier must be 
greater than Vp^p to allow reaching the full scale output 
voltage. Depending on the loading on the output of the am- 
plifier and the available op amp supply voltages (only ±12 
volts in many development systems), a reference voltage 
less than 10 volts may be necessary to obtain the full ana- 
log output voltage range. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous circuitry 
can be used to generate a bipolar output voltage from a 
fixed reference voltage. This, in effect, gives sign signifi- 
cance to the MSB of the digital input word and allows two- 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize full 4-quad- 
rant multiplication: ±Vref X ± Digital Code= T Vqut- This 
circuit is shown in Figure 9. 


This configuration features several improvements over ex- 
isting circuits for bipolar outputs with other multiplying 
DACs. Only the offset voltage of amplifier 1 has to be nulled 
to preserve linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output voltage er- 
ror) has no effect on linearity. It should be nulled only if 
absolute output accuracy is required. Finally, the values of 
the resistors around the second amplifier do not have to 
match the internal DAC resistors, they need only to match 
and temperature track each other. A thin film 4-resistor net- 
work available from Beckman Instruments, Inc. (part no. 
694-3-R10K-D) is ideally suited for this application. These 
resistors are matched to 0.1% and exhibit only 5 ppm/°C 
resistance tracking tempco. Two of the four available 10 kll 
resistors can be paralleled to form R in Figure 9 and the 
other two can be used independently as the resistances 
labeled 2R. 


2.5 Zero Adjustment 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near OVqc as possible. 
This is accomplished for the typical DAC — op amp connec- 
tion (Figure 7) by shorting out Rfb, the amplifier feedback 
resistor, and adjusting the Vqs nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if louTi is 
driving the op amp (all one’s for louia)- The short around 
Rfb is then removed and the converter is zero adjusted. 
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OP AMP Cc (0 TO FULL SCALE) 

LF356 22 pF 

4 fjLS 

LF351 22 pF 

5 fiS 

LF357‘ 10 pF 

2 /J.S 


•2.4 kn RESISTOR ADDED FROM -INPUT TO 
GROUND TO INSURE STABILITY 



— V,. Iquti 


< 



DAC0830 ^ 

r ! l0UT2 

OAT 

Rfbl 

Lj j 



2R- 



VoUT = VrEF 


(DIGITAL CODE- 128) 


•THESE RESISTORS ARE AVAILABLE FROM 
BECKMAN INSTRUMENTS, INC. AS THEIR 
PART NO. 694-3-R10K-D 


FIGURE 

2.6 Full-Scale Adjustment 

In the case where the matching of Rfb to the R value of the 
R-2R ladder (typically ±0.2%) is insufficient for full-scale 
accuracy in a particular application, the Vref voltage can be 
adjusted or an external resistor and potentiometer can be 
added as shown in Figure 10 to provide a full-scale adjust- 
ment. 

The temperature coefficients of the resistors used for this 
adjustment are an important concern. To prevent degrada- 
tion of the gain error tempco by the external resistors, their 
temperature coefficients ideally would have to match that of 
the internal DAC resistors, which is a highly impractical con- 
straint. For the values shown in Figure 10, if the resistor and 
the potentiometer each had a temperature coefficient of 
±100 ppm/“C maximum, the overall gain error tempco 
would be degraded a maximum of 0.0025%/°C for an ad- 
justment pot setting of less than 3% of Rfb- 

2.7 Using the DAC0830 In a Voltage Switching 
Configuration 

The R-2R ladder can also be operated as a voltage switch- 
ing network. In this mode the ladder is used in an inverted 
manner from the standard current switching configuration. 

The reference voltage is connected to one of the current 


INPUT CODE 

IDEAL VouT 

MSB LSB 

+ Vref 

-Vref 

11111111 

■ Vref-1 LSB 

“|VrefI + i lsb 

1 1 0 0 0 0 0 0 

Vref/2 

-|VrefI/2 

1 0 0 0 0 0 0 0 

0 

0 

0 1111111 

-1 LSB 

-I- 1 LSB 

0 0 111111 

_1^_1LSB 

i!^f^+1LSB 

00000000 

-IVrefI 

+ |VrefI 


output terminals (louTi <or true binary digital control, louT2 
is for complementary binary) and the output voltage is taken 
from the normal Vref pin- The converter output is now a 
voltage in the range from OV to 255/256 Vref as a function 
of the applied digital code as shown in Figure 1 1, 


FULL SCALE ADJUSTMENT 



ZERO ADJUSTMENT 
(OP AMP Vos AOJ.) 


TL/H/5608-11 

FIGURE 10. Adding Full-Scale Adjustment 
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0V<VouT<-^V,Ef 


2R < 2R < 2R 




+2.5 Voc REFERENCE 


FIGURE 1 1. Voltage Mode Switching 


This configuration offers several useful application advan- 
tages. Since the output is a voltage, an external op amp is 
not necessarily required but the output impedance of 'the 
DAC is fairly high (equal to the specified reference input 
resistance of 10 kft to 20 ktl) so an op amp may be used 
for buffering purposes. Some of the advantages of this 
mode are illustrated in Figures 12, 13, 14 and 15. 

There are two important things to keep in mind when using 
this DAC in the voltage switching mode. The applied refer- 
ence voltage must be positive since there are internal para- 
sitic diodes from ground to the Iquti and louT2 terminals 
which would turn on if the applied reference went negative. 
There is also a dependence of conversion linearity and 


gain error on the voltage difference between Vcc and the 
voltage applied to the normal current output terminals. This 
is a result of the voltage drive requirements of the ladder 
switches. To insure that all 8 switches turn on sufficiently 
(so as not to add significant resistance to any leg of the 
ladder and thereby introduce additional linearity and gain 
errors) it is recommended that the applied reference voltage 
be kept less than -I-5Vdc and Vcc be at least 9V more 
positive than Vr^f- These restrictions insure less than 0.1 % 
linearity and gain error change. Figures 16, 17 and 16 char- 
acterize the effects of bringing Vref and Vcc closer togeth- 
er as well as typical temperature performance of this volt- 
age switching configuration. 



VouT = «-5VBc(i+^Xiy 



+2.5V REFERENCE 


z.svoc < WouT < e.sVdc 


' Voltage switching mode eliminates output signal inversion and therefore a 
need for a negative power supply. 

' Zero code output voltage is limited by the low level output saturation volt- 
age of the op amp. The 2 kfl pull-down resistor helps to reduce this volt- 
• age. 

' Vos ot It’S op amp has no effect on DAC linearity. 

FIGURE 12. Single Supply DAC 


’ Slewing and settling time lor a full scale output change is = 1.8 fis 

FIGURE 13. Obtaining a Bipolar Output from a Fixed 
Reference with a Single Op Amp 
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-10V < VbuT < +i(iv 


FIGURE 14. Bipolar Output with Increased Output Voltage Swing 



• Only a single + 15V supply required 

• Non-interactive (ull-s^e and zero code output adjustments 

• Vmax and Vmin must be s -I-5VDC and ^OV. 


D 255 

•VoUT - ^(VmAX“ Vmin) + — VmIN 

FIGURE 15. Single Supply DAC with Level Shift and Span- 
Adjustable Output 


Gain and Linearity Error 
Variation vs. Supply Voltage 

VOLTAGE MODE OPERATION I I 
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I I I I Vref = 5V 

_ 0,2 1 1 AGAIN ERROR 

Ta = 25*C 1 I I 
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FIGURE 16. 


Gain and Linearity Error 
Variation vs. Reference Voltage 

VOLTAGE MODE / I 

OPERATION / f 

ALINEARITY — / J- 

ERROR / / 


T 


/ 


/ Vs 

[: = 15V 


f - 15V 










AGAIN ERROR 

1 

T» = 25*C 

-0.4 1 

0 2 4 6 8 10 

Vref. reference voltage (Vdc) 

FIGURE 17. 

Note: For these curves. Vref is the voltage ap- 
plied to pin 11 (looTi) with pin 12 (Iqutz) 
grounded. 


Gain and Linearity Error 
Variation vs. Temperature 

’ VOLTAGE MODE OPERATION | | 

) —j— ALINEARITY ERROR 1 — 

I % = 15 V. Vref = 5V 
’ Vcc = 12 V. Vref = 2.5V 


AGAIN ERROR 

-0.050 WCC = 15V, Vref = 5V0R- 

„„„ Wcc = 12V. Vref = 2.5V 

—0.075 — j 

- 0.100 — — — — — 

-55-35-15 5 25 45 65 85 105 125 

Tr, AMRIENT TEMPERATURE (°C) 

TL/H/5608-15 
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2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable care O' 
should be exercised in handling them to prevent catastroph- lai 
ic failures due to static discharge. Dj 

Conversion accuracy is only as good as the applied refer- 3 j 
ence voltage so providing a stable source over time and „ 
temperature changes is an important factor to consider. 

A “good” ground is most desirable. A single point ground 
distribution technique for analog signals and supply returns gf 
keeps other devices in a system from affecting the output of 
the DACs. .pj 

During power-up supply voltage sequencing, the -15V (or 
-12V) supply of the op amp may appear first. This will pl, 

cause the output of the op amp to bias near the negative P- 

supply potential. No harm is done to the DAC, however, as 
the on-chip 15 kH feedback resistor sufficiently limits the I 

current flow from louTi when this lead is internally clamped I 

to one diode drop below ground. — 

Careful circuit construction with minimization of lead lengths 
around the analog circuitry, is a primary concern. Good high 
frequency supply decoupling will aid in preventing inadver- * 

tant noise from appearing on the analog output. ( 


Overall noise reduction and reference stability is of particu- 
lar concern when using the higher accuracy versions, the 
DAC0830 and DAC0831, or their advantages are wasted. 

3.0 GENERAL APPLICATION IDEAS 

The connections for the control pins of the digital input reg- 
isters are purposely omitted. Any of the control formats dis- 
cussed in Section 1 of the accompanying text will work with 
any of the circuits shown. The method used depends on the 
overall system provisions and requirements. 

The digital input code is referred to as D and represents the 
decimal equivalent value of the 8-bit binary input, for exam- 
ple: 


Binary Input 


Decimal Equivalent 


Applications 


DAC Controlled Amplifier (Volume Control) 


Capacitance Multiplier 




Ceouiv 

I 


' When D=0, the amplifier will go open loop and the output will saturate. 

' Feedback impedance from the -input to the output varies from 15 kn to 
oo as the input code changes from full-scale to zero. 


( 256\ 


' Maximum voltage across the equivalent capacitance is 

,™,edto^^2MM(2P£[i:!E) 

, 256 


' C 2 is used to improve settling time of op amp. 
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Applications (Continued) 


Variable fo, Variable Qo> Constant BW Bandpass Filter 



6-186 





Applications (Continued) 

Two Terminal Floating 4 to 20 mA Current Loop Controller 

INPJT 



TL/H/5608-19 

l0UT = VREF[^ + ^J[l+g] 

• DAC0830 linearly controls the current flow from the input terminal to the 
output terminal to be 4 mA (for 0=0) to 19.94 mA (for 0 = 255), 

• Circuit operates with a terminal voltage differential of 16V to 55V. 

• P 2 adjusts the magnitude of the output current and Pi adjusts the zero to 
full scale range of output current. 

• Digital inputs can be supplied from a processor using opto isolators on 
each input or the DAC latches can flow-through (connect control lines to 
pins 3 and 10 of the DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 



• Output responds exponentially to input changes and automatically stops 
whenVouT=V|N 

• Output time constant is directly proportional to the DAC input code and 
capacitor C 

• Input voltage must be positive (See section 2.7) 
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National 
Semiconductor 

DAC1000, DAC1001, DAC1002, DAC1006, DAC1007, DAC1008 
fiP Compatible, Double-Buffered D to A Converters 
General Description 

The DAC1 000/1/2 and DAC1 006/7/8 are advanced 
CMOS/Si-Cr 10-, 9- and 8-bit accurate multiplying DACs 
which are designed to interface directly with the 8080, 8048, 

8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an I/O port to the p.P 
and no interfacing logic is needed. 

These devices, combined with pn external amplifier and 
voltage reference, can be used as standard D/A converters: 
and they are very attractive for multiplying applications 
(such as digitally controlled gain blocks) since their linearity 
error is essentially independent of the voltage reference. 

They become equally attractive in audio signal processing 
equipment as audio gain controls or as programmable at- 
tenuators which marry high quality audio signal processing 
to digitally based systems under microprocessor control. 

All of these DACs are double buffered. They can load all 10 
bits or two 8-bit bytes and the data format can be either right 
justified or left justified. The analog section of these DACs is 
essentially the same as that of the DAC1020. 

The DAC1000 series are the 10-bit members of a family of 
microprocessor-compatible DACs (MICRO-DAC’s). For ap- 
plications requiring other resolutions, the DAC0830 series (8 
bits) and the DAC1208 and DAC1230 (12 bits) are available 
alternatives. 


Typical Application 

DAC1006/1007/1008 



Part # 

Accuracy 

(bits) 

Pin 

Description 

DAC1000 

10 

24 

Has all 

logic 

features 

DAC1001 

9 

DAC1002 

8 

DAC1006 

10 

20 

For left- 
justified 
data 

DAC1007 

9 

DAC1008 

8 


Features 

■ Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 

■ Low power consumption 

■ Direct interface to all popular microprocessors. 

■ Integrated thin film on CMOS structure 

■ Double-buffered, single-buffered or flow through digital 
data inputs. 

■ Loads two 8-bit bytes or a single 10-bit word. 

■ Logic inputs which meet T2L voltage level specs {1.4\/ 
logic threshold). 

■ Works with ±10\/ reference — full 4-quadrant multiplica- 
tion. 

■ Operates STAND ALONE (without fiP) if desired. 

■ Available in 0.3" standard 20-pin and 0.6" 24-pin pack- 
age. 

■ Differential non-linearity selection available as special 
order. 


Key Specifications 

■ Output Current Settling Time 

■ Resolution 

■ Linearity 


Gain Tempco 
Low Power Dissipation 
(including ladder) 
Single Power Supply 


500 ns 
100 bits 
10, 9, and 8 bits 
(guaranteed over temp.) 
-0.0003% of FS/'C 
20 mW 

5 to 1 5 Vdc 
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Absolute Maximum Ratings (Notes i & 2) Operating Ratings 

Supply Voltage (Vcc) 17 Vdc Temperature Range 

Voltage at any digital input ' VcctoGND Part numbers with ‘LCN’ suffix 

Voltage at Vref input ±25V Part numbers with ‘LCD’ suffix - 

Storage temperature range - 65°C to + 1 SO’C Part numbers with ‘LD’ suffix - 5 

Package dissipation at = 25°C (Note 3) 500 mW Voltage at any digital input 

DC voltage applied to louTt of '0UT2 - 1 0 mV to Vcc 

(Note 4) 

Lead temperature (Soldering, 1 0 seconds) 300°C 

General Electrical Characteristics Ta = 25‘‘C, Vref= 10.000 Vdc unless otherwise noted 


O^C to 70°C 
-40‘’Cto +85''C 
-SS-Cto +125"C 
Vcclo^ND 



Vcc=12Vdc±5% 

tOl5VDc±5% 


Typ. I Max. 


Vcc = 5Vdc±5% 



Linearity Error 


Differential 

Nonlinearity 


Monotonicity 


Gain Error Tempco 


Power Supply 
Rejection 


Reference Input 
Resistance 


Output Feedthrough 
Error 


Output louTt 

Capacitance louT2 
Iquti 

IOUT2 


Supply Current Drain 


Output Leakage 
Current louTi 


Digital Input 
Voltages 


Endpoint adjust only 
Tmin<Ta<Tmax 

-10V^Vref^ + 10V 
DAC1000 and 1006 
DAC1001 and 1007 
DAC1002 and 1008 


Endpoint adjust only 
Tmin<Ta<Tmax 
-iovsVref^ + iov 
DAC1000 and 1006 
DAC1001 and 1007 
DAC1002 and 1008 


Tmin<Ta<Tmax 
-iov^Vref^ + iov 
DAC1000 and 1006 
DAC1001 and 1007 
DAC1002 and 1008 


Using internal Rfb 
-IOV^Vref^ + IOV 


Tmin<Ta<Tmax 
U sing internal Rfb 


All digital inputs 
latched high 
Vcc = 14.5V to 15.5V 
11.5V to 12.5V 
4.75V to 5.25V 


Vref = 20Vp.p,f=100 kHz 
All data inputs 
latched low 
D Package 
N Package 


All data inputs 
latched low 
All data inputs 
latched high 


Tmin^Ta^Tmax 


Tmin^Ta^Tmax 
All data inputs 
latched low 
All data inputs 
latched high 


Tmin^Ta^Tmax 
Low level 
LD suffix 

LCD or LCN suffix 
High level (all parts) 


0.05 % of FSR 

0.1 % of FSR 

0.2 % of FSR 


0.1 % of FSR 

0.2 % of FSR 

0.4 % of FSR 


DAC1000/DAC1001/DAC1002/ 

DAC1006/DAC1007/DAC1008 
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General Electrical Characteristics Ta=25°C, Vref= 10.000 Vqc unless otherwise noted 


Parameter 


Conditions 

Digital Input 

Currents 


TmIN^Ta^TmaX 
Digital inputs <0.8V 
Digital inputs > 2.0V 

Current Settling 

Time 

*8 

V|L=0V, V|h = 5V 

Write and XFER 
Pulse Width 

tw 

V|L=0V, V|h = 5V. 

Ta=25°C 

TmIN^Ta^TmaX 

Data Set Up Time 

*DS 

V|L = 0V, V|h = 5V. 

Ta = 25°C 
Tmin^Ta^Tmax 

Data Hold Time 

Idh 

V|L=OV. V|h = 5V 

Ta = 25'’C 
TmIN^Ta^TmaX 

Control Set Up 

Time 

Ics 

V|L=0V, V|l = 5V, 

Ta = 25°C 
Tmin^Ta^Tmax 

Control Hold Time 

tCH 

V|L = 0V, V|h = 5V, 

Ta = 25''C 
Tmin^Ta^Tmax 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximurrf’ limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: For current switching appiications, both louTi end louTZ ™st go to ground or the "Virtual Ground" of an operational amplifier. The linearity error is 
degraded by approximately Vqs'^Vref- For example, if Vref= 10V then a 1 mV offset, Vqs, on Iquti or Iqutz will introduce an additional 0.01% linearity error. 
Note5:GuaranteedatVREF=±10VDcandVFiEF=±1VDc- 
Note 6 : Tmin = 0°C and Tmax = 70°C for "LCN" suffix parts. 

Tmin= -40“C and Tmax= 85°C for"LCD" suffix parts. 

Tmin = 55°C and Tmax= 125°C for "LD" suffix parts. 

Note 7: The unit "FSR" stands for "Full Scale Range.” "Linearity Error" and "Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vref value and to indicate the true performance of the part. The "Linearity Error" specification of the DAC1000 is "0.05% of FSR (MAX).” This 
guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 2.6), the plot of the 1024 analog voltage outputs will each be within 
0.05% X Vref of a straight line which passes through zero and full scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tyy 
of only 100 ns. The entire write pulse must occur within the valid data interval for the specified %. tos. 'dh. and tg to apply. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 200 nA leakage current with Rfb=20K and Vref = 10V corresponds to a zero error of (200x10~9x20xl03)x100-r-10 which is 0.04% of FS. 


Switching Waveforms 


CS, BYTE1/BYTE2 SOH- 
VlL 


-IDS ► IDH 


DATA BITS V|H 50%./ T 


IOUT1. lOUTz 


SETTLED TO 
±'h LSB 
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Block and Connection Diagrams (Continued) 

DAC1006/1007/1008 (20-Pin Parts) 



DAC1006/1007/1008 
(20-Pin Parts) 


C5- 

WH- 

Byt« 1/Byt« 2- 

xfIr- 

015- 

DIb- 

017- 

oia- 

(MSB) 0l9- 
GNO- 


CS WR XFER BYTE 1/ 
BYTE 2 


FOR LEFT JUSTIFIED DATA 


DAC1000/1001/1002 — Simple Hookup for a “Quick Look’ 


1 . 

"cr 

20 

2 


19 

3 


18 

4 


17 

5 

DAC1006 

DAC10C7 

16 

6 

0AC1008 

15 

7 


14 

8 


13 

9 


12 

10 


11 


1 3 5 6 4 24 16 




i 

OAC1000 



DAC1001 

24 PIH^ 

> 

OAC1002 


13 

1 ? 


■=■ LSB 17 15 


•A TOTAL OF 10 
INPUT SWITCHES 
& IK RESISTORS 


jHhj. 


1. For VpiEf:= —10.240 Vqc the output voltage steps are approximately 10 mV each. 

2. Operation Is set up for flow through — no latching of digital input data. 

3. Single point ground is strongly recommended. 

DAC1006/1007/1008— Simple Hookup for a “Quick Look” 

tSVDC 

0—0 O— t 1 


•A TOTAL OF 10 
INPUT SWITCHES 
& IK RESISTORS 


1 2 3 4 20 


0.1)iF 

jHI- 


OVoc<V0UT< + Vref (I^) 


1. For VpiEp= —10.240 Vdc the output voltage steps are approximately 10 mV each. 

2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is iatched and new data 
can be loaded into the input latch via the 10 SW2 switches. 

When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and is latched when SW1 again closes. 
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DAC1000/DAC1001/DAC1002/ 

DAC1006/DAC1007/DAC1008 
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1.0 DEFINITION OF PACKAGE PINOUTS 

1.1 Control Signals (All control signals are level actuated.) 
CS: Chip Select — active low, it will enable WR (DAC1003- 
1008) or WRi (DAC1 000- 1002). 

WR or WRi: Write — The active low WR (or WRi — 
DAC1 000-1 002) is used to load the digital data bits (Dl) into 
the inp ut latc h. The data in the input latch is latched when 
WR (or WRi) is high. The 10-bit input latch is split into two 
latche s; one holds 8 bits and the other holds 2 bits. The 
Byte1/Byte2 contro l pin is used to select both input latches 
when Byte1/Byte2= 1 or to overwrite the 2-bit input latch 
when in the low state. 

WRi: Extra Write (DAC1 000- 1002) — The active low WRi 
is used to lo ad the data from the input latch to the DAC 
register while XFER is low. The data in the DAC register is 
latched when WR 2 is high. 

Byte1/Byte2: Byte Sequence Control — When this control 
is high, all ten locations of the input latch are enabled. When 
low, only two locations of the input latch are enabled and 
these two locations are overwritten on the second byte 
write. On the DAC1006, 1007, and 1008, the Byte1/Byte2 
must be low to transfer the 10-bit data in the input latch to 
the DAC register. 

XFER: Transfer Control Signal, active low — This signal, in 
combination with others, is used to transfer the 1 0-bit data 
which is available in the input latch to the DAC register — 
see timing diagrams. 

LJ/RJ: Left Justify/Right Justify (DAC1 000- 1002) — When 
LJ/RJ is high the part is set up for left justified (fractional) 
data format. (DAC1 006- 1008 have this done internally.) 
When LJ/RJ is low, the part is set up for right justified (inte- 
ger) data. 

1.2 Other Pin Functions 

Dl| (i = 0 to 9): Digital Inputs — DIq is the ieast significant bit 
(LSB) and Dig is the most significant bit (MSB). 
louTI- DAC Current Output 1 — I 0 UTI is a maximum for a 
digital input code of all Is and is zero for a digital input code 
of all Os. 

Iqutz: DAC Current Output 2 — I 0 UT 2 'S a constant minus 
Iquti. or 

, , , 1023 Vref 

IouT1 + IOUT2--,-024r 

where R = 15 kO. 


Rfb: Feedback Resistor — This is provided on the 1C chip 
for use as the shunt feedback resistor when an external op 
amp is used to provide an output voltage for the DAC. This 
on-chip resistor should always be used (not an external re- 
sistor) because it matches the resistors used in the on-chip 
R-2R ladder and tracks these resistors over temperature. 
Vref: Reference Voltage Input — This is the connection for 
the external precision voltage source which drives the R-2R 
ladder. Vref can range from - 1 0 to +10 volts. This is also 
the analog voltage input for a 4-quadrant multiplying DAC 
application. 

Vcc* Digital Supply Voltage — This is the power supply pin 
for the part. Vcc can be from + 5 to +15 Vcc- Operation is 
optimum for + 15V. The input threshold voltages are nearly 
independent of Vcc- (See Typical Performance Characteris- 
tics and Description in Section 3.0, T2 l compatible logic 
inputs.) 

GND: Ground — the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC1000 
has 210 or 1024 steps and therefore has 10-bit resolution. 
Linearity Error: Linearity error is the maximum deviation 
from a straight tine passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the “best straight line” test 
(b) used by other suppliers are illustrated below. The “best 
straight line” requires a special zero and FS adjustment for 
each part, which is almost impossible for user to determine. 
The “end point test” uses a standard zero and FS adjust- 
ment procedure and is a much more stringent test for DAC 
linearity. 



a. End Point Test After Zero and FS Adj. 



TL/H/56e8-8 

b. Best Straight Line 
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Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power suppiy changes on the DAC 
full-scale output (which is the worst case). 

Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± 1/2 LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1000 series, full-scale is V^Ep-l LSB. 
For Vfief=~ 10V and unipolar operation, VpuLL- 
SCALE^IO-OOOOV -9.8mV = 9.9902V. Full-scale error is 
adjustable to zero. 

Monotonicity: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. A 10-bit 
DAC with 10-bit monotonicity will produce an increasing an- 
alog output when all 10 digital inputs are exercised. A 10-bit 
DAC with 9-bit monotonicity will be monotonic when only 
the most significant 9 bits are exercised. Similarly, 8-bit 
monotonicity is guaranteed when only the most significant 8 
bits are exercised. 

2.0 DOUBLE BUFFERING 

These DACs are double-buffered, microprocessor compati- 
ble versions of the DAC1020 10-bit multiplying DAC. The 
addition of the buffers for the digital input data not only al- 
lows for storage of this data, but also provides a way to 
assemble the 10-bit input data word from two write cycles 
when using an 8-bit data bus. Thus, the next data update for 
the DAC output can be made with the complete new set of 
10-bit data. Further, the double buffering allows many DACs 
in a system to store current data and also the next data. The 
updating of the new data for each DAC is also not time 
critical. When all DACs are updated, a common strobe sig- 
nal can then be used to cause all DACs to switch to their 
new analog output levels. 


3.0 T2L COMPATIBLE LOGIC INPUTS 

To guarantee T2L voltage compatibility of the logic inputs, a 
novel bipolar (NPN) regulator circuit is used. This makes the 
input logic thresholds equal to the forward drop of two di- 
odes (and also matches the temperaturq, variation) as oc- 
curs naturally in T2L. The basic circuit is shown in Figure 1. 
A curve of digital input threshold as a function of power 
supply voltage is shown in the Typical Performance Charac- 
teristics section. 

4.0 APPLICATION HINTS 

The DC stability of the Vref source is the most important 
factor to maintain accuracy of the DAC over time and tem- 
perature changes. A good single point ground for the analog 
signals is next in importance. 

These MICRO-DAC converters are CMOS products and 
reasonable care should be exercised in handling them prior 
to final mounting on a PC board The digital inputs are pro- 
tected, but permanent damage may occur if the part is sub- 
jected to high electrostatic fields. Store unused parts in con- 
ductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupling 

Some 1C amplifiers draw excessive current from the Analog 
inputs to V— when the supplies are first turned on. To pre- 
vent damage to the DAC — an external Schottky diode con- 
nected from I0UTI or I0LIT2 fo ground may be required to 
prevent destructive currents in I0UTI or loUT2- If ao LM741 
or LF356 is used — these diodes are not required. 

The standard power supply decoupling capacitors which are 
used for the op amp are adequate for the DAC. 


+J fB LOOP 





(3 + + VTHN) 

vbias 

(TO OTHER INPUTS) 


)60mA ^ 

^ rune 1 


VtHRESH0LD = 2* 


FIGURE 1. Basic Logic Threshold Loop 
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4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Ig) CAN CAUSE DC ERRORS. Bl- 
FETTM op amps have very low bias current, and therefore 
the error introduced is negligible. BI-FET op amps are 
strongly recommended for these DACs. 

The distance from the louTi P‘n of the DAC to the inverting 
input of the op amp should bo kept as short as possible to 
prevent inadvertent noise pickup. 

5.0 ANALOG APPLICATIONS 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching mode 
and in the voltage switching mode. 

The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. The 
analog functioning is reviewed here for completeness. For 
additional analog applications, such as multipliers, attenua- 
tors, digitally controlled amplifiers and low frequency sine 
wave oscillators, refer to the DAC1020 data sheet. Some 
basic circuit ideas are presented in this section in addition to 
complete applications circuits. 

5.1 Operation in Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon-chromi- 
um (Si-Cr) thin film R-2R ladder which is deposited on the 
surface oxide of the monolithic chip. As a result, there is no 
parasitic diode connected to the Vrep pin as would exist if 
diffused resistors were used. The reference voltage input 
(Vref) can therefore range from - 1 0V to -H OV. 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches, SWO to SW9. A logical 1 
digital input causes the current .switch to steer the avail- 


able ladder current to the Iquti output pin. These MOS 
switches operate in the current mode with a small voltage 
drop across them and can therefore switch currents of ei- 
ther polarity. This is the basis for the 4-quadrant multiplying 
feature of this DAC. 

5.1.1 Providing a Unipolar Output Voltage with the 
DAC In the Current Switching Mode 

A voltage output is provided by making use of an external 
op amp as a current-to-voltage converter. The idea is to use 
the internal feedback resistor, Rpe, from the output of the 
op amp to the inverting (-) input. Now, when current is 
entered at this inverting input, the feedback action of the op 
amp keeps that input at ground potential. This causes the ' 
applied input current to be diverted to the feedback resistor. 
The output voltage of the op amp is forced to a voltage 
given by: 

Vqut = - (Iquti )XRfb) 

Notice that the sign of the output voltage depends on the 
direction of current flow through the feedback resistor. 

In current switching mode applications, both current output 
pins OouTi arid I0UT2) should be operated at 0 Vdc- This is 
accomplished as shown in Figure 3. The capacitor, Cc. is 
used to compensate for the output capacitance of the DAC 
and the input capacitance of the op amp. The required feed- 
back resistor, Rfr, is available on the chip (one end is inter- 
nally tied to I0UT1) arid must be used since an external 
resistor will not provide the needed matching and tempera- 
ture tracking. This circuit can therefore be simplified as 


DIGITAL INPUT CODE 



R siSkQ 

FIGURE 2. Current Mode Switching 


(IH TERN*1)R fb iq ut 1 

( + 15V0C)? 

(OVOC) Hh— ’ 

^ ylOUTi \ Cc 


► V0UT= -(lOUTiXRfBl 


FIGURE 3. Converting Iqut ^OUT 


OP AMP Cc pF Rj ts pS 

LF356 22 00 3 
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shown in Figure 4, where the sign of the reference voltage 
has been changed to provide a positive output voltage. Note 
that the output current, Iquti' flows through the Rpe 
pin. 

5.1.2 Providing a Bipoiar Output Voitage with the 
DAC in the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 4 
can be used to generate a bipolar output voltage from a 
fixed reference voltage Figure 5. This, in effect, gives sign 
significance to the MSB of the digital input word to allow two 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize the full four- 
quadrant multiplication. 

The applied digital word is offset binary which includes a 
code to output zero volts without the need of a large valued 
resistor common to existing bipolar multiplying DAC circuits. 
Offset binary code can be derived from 2’s complement 
data (most common for signed processor arithmetic) by in- 
verting the state of the MSB in either software or hardware. 
After doing this the output then responds in accordance to 
the following expression:' 

Vo = VrefX^ 


where Vref can be positive or negative and D is the signed 
decimal equivalent of the 2’s complement processor data. 
(-512^0^+511 or 1000000000^0^0111111111). If the 
applied digital input is interpreted as the decimal equivalent 
of a true binary word, Vqut can be found by: 

Vo = Vref j 0^0^1023 

With this configuration, only the offset voltage of amplifier 1 
need be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp has no effect on lineari- 
ty. It presents a constant output voltage error and should be 
nulled only if absolute accuracy is needed. Another advan- 
tage of this configuration is that the values of the external 
resistors required do not have to match the value of the 
internal DAC resistors; they need only to match and temper- 
ature track each other. 

A thin film 4 resistor network available from Beckman Instru- 
ments, Inc. (part no. 694-3-R10K-D) is ideally suited for this 
application. Two of the four available 10 kfl resistor can be 
paralleled to form R in Figure 5 and the other two can be 
used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 


-Vref 


|VrefI + 1 LSB 
-|Vref|/2 
0 

+ 1 LSB 
+ |Vref|/2 

+ |VrefI 
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5.2 Analog Operation In the Voltage Switching Mode 

Some useful application circuits result if the R-2R ladder is 
operated in the voltage switching mode. There are two very 
important things to remember when using the DAC in the 
voltage mode. The reference voltage ( + V) must always be 
positive since there are parasitic diodes to ground on the 
louTi pin which would turn on if the reference voltage went 
negative. To maintain a degradation of linearity less than 
±0.005%, keep ±V ^ 3 Vdc and Vcc at least 10V more 
positive than + V. Figures 6 and 7 show these errors for the 
voltage switching mode. This operation appears unusual, 
since a reference voltage (±V) is applied to the louTi Pin 
and the voltage output is the Vref pin- This basic idea is 
shown in Figure 8. 

This VouT range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 



. 01 2345678 


REFERENCE VOLTAGE. +V (Voc) 

FIGURE 6. 

DIGITAL 


Notice that this is unipolar operation since all voltages are 
positive. A bipolar output voltage can be obtained by using a 
single op amp as shown in Figure 10. For a digital input 
code of all zeros, the output voltage from the Vref Pir> 's 
zero volts. The external op amp now has a single input of 
+ V and is operating with a gain of -1 to this input. The 
output of the op amp therefore will be at -V for a digital 
input of all zeros. As the digital code increases, the output 
voltage at the Vref Pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the (±) input is ±,2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The output 
voltage of the op amp depends on both of these inputs and 
is given by: 

VoUT=( + V) (-1) + Vref(+2) 



SUPPLY VOLTAGE, Vcc (WoC) 
FIGURE?. 

CODE 
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+v 

( +2.500 VdC) 
(LM336) 


2.5VDC < VOUT < 2.5VDC 


SLEWING AND SETTLING 
TIME 3 I.B^SEC 


FIGURE 10. Providing a Bipolar Output Voltage with a Single Op Amp 


+v 

( + 2.500 Vdc) 





IOVdC < VoUT < +10VDC 


0<VdaC<+Z.5Vdc ® 


SLEWING AND SETTLING 


TIME 3 2mSEC 


FIGURE 1 1. Increasing the Output Voltage Swing 


The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 1 1. These added 
resistors are used to attenuate the + V voltage. The overall 
gain, Av(-), from the +V terminal to the output of the op 
amp determines the most negative output voltage, -4(4-V) 
(when the Vref voltage at the + input of the op amp is 
zero) with the component values shown. The complete dy- 
namic range of Vqut 's provided by the gain from the (+) 
input of the op amp. As the voltage at the Vref Pin ranges 
from OV to -l-V(1 023/1 024) the output of the op amp will 
range from -10 Vdc to +10V (1023/1024) when using a 
+ V voltage of + 2.500 Vqc- The 2.5 Vdc reference voltage 
can be easily developed by using the LM336 zener which 
can be biased through the Rfb internal resistor, connected 
to Vcc- 

5.3 Op Amp Vqs Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0 Vdc (ground). Therefore offset 
voltage, Vqs. of the external op amp cannot be tolerated as 
every millivolt of Vqs will introduce 0.01 % of added linearity 
error. At first this seems unusually sensitive, until it becomes 
clear the 1 mV is 0.01 % of the 10V referencel High resolu- 
tion converters of high accuracy require attention to every 
detail in an application to achieve the available performance 
which is inherent in the part. To prevent this source of error, 
the Vqs of the op amp has to be initially zeroed. This is the 
“zero adjust" of the DAC calibration sequence and should 
be done first. 


If the Vqs 'S to be adjusted there are a few points to consid- 
er. Note that no “dc balancing” resistance should be used 
in. the grounded positive input lead of the op amp. This re- 
sistance and the input current of the op amp can also create 
errors. The low input biasing current of the BI-FET op amps 
makes them ideal for use in DAC current to voltage applica- 
tions. The Vqs of the op amp should be adjusted with a 
digital input of all zeros to force louT= 0 rnA. A 1 kfl resistor 
can be temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to the Vqs 
of the op amp and make the zeroing easier to sense. 

5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the application 
circuit and whether the DAC is operated in the current 
switching mode or in the voltage switching mode. Tech- 
niques are given below for all of the possible application 
circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a “zero adjust,” set all of the digital input levels 
HIGH and adjust the magnitude of Vref for 
1023 

VouT = - (ideal Vref) 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital inputs LOW (to force 
louTi fo 0) and then trim “zero adj.” for zero volts at the 
inverting input (pin 2) of 0A1 . Next, with a code of all zeros 
still applied, adjust “-FS adj.”, the reference voltage, for 
VouT= ±|(ideal Vref)|. The sign of the output voltage will 
be opposite that of the applied reference. 

Finally, set all of the digital inputs HIGH and adjust “ + FS 
adj.” for Vout = Vref (511/512). The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 200n resistor in series with the Vr^f pin 
of the DAC is to force the circuit gain error from the DAC to 
be negative. This insures that adding resistance to Rft,, with 
the soon pOt, will always compensate the gain error of the 
DAC. 


5.4.3 Voltage Switching with a Unipoiar Output Voitage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the “zero adj." for VouT="0 Vdc± 1 mV. Then 
set all digital inputs HIGH and trim the “FS Adj.” for: 

V0UT=( + V)f 1+^)1^ 

R2/IO24 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim the 
” - FS Adj.” for Vqut = - 2.5 Vqc- Then set all digital inputs 
HIGH and trim the ” + FS Adj." for Vqut = + 2.5 (51 1 /51 2) 
Vdc- Test the zero by setting the MS digital input HIGH and 
all the rest LOW. Adjust Vqs of amp #3, if necessary, and 
recheck the full-scale values. 



-VrefSVouT^+VreF 

FIGURE 12. Full Scale Adjust — Current Switching with Bipolar Output Voltage 


^ (+Z.5D0VDC) 

-IQUT;” f-MSSB) 


R2 I Ri 


1 AOJ 

_ 'Uj. 


FIGURE 13. Full Scale Adjust — Unipolar Output Voltage 
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>V0UT 


TL/H/5688-15 


FIGURE 14. Voltage Switching with a Bipolar Output Voltage 


6.0 DIGITAL CONTROL DESCRIPTION 

The DAC1000 series of products can be used in a wide 
variety of operating modes. Most of the options are shown 
in Table 1. Also shown in this table are the section numbers 
of this data sheet where each of the operating modes is 
discussed. For example, if your main interest in interfacing 
to a p.P with an 8-bit data bus you will be directed to Section 
6 . 1 . 0 . 

The first consideration is “will the DAC be interfaced to a /^tP 
with an 8-bit or a 16-bit data bus or used in the stand-alone 
mode?" For the 8-bit data bus, a second selection is made 
on how the 2nd digital data buffer (the DAC Latch) is updat- 
ed by a transfer from the 1st digital data buffer (the Input 
Latch). Three options are provided: 1) an automatic transfer 
when the 2nd data byte is written to the DAC, 2) a transfer 
which is under the control of the fiP and can include more 
than one DAC in a simultaneous transfer, or 3) a transfer 
which is under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a ^xP with a 16-bit data bus only two 
selections are available: 1 ) operating the DAC with a single 
digital data buffer (the transfer of one DAC does not have to 
be synchronized with any other DACs in the system), or 2) 
operating with a double digital data buffer for simultaneous 


transfer, or updating, of more than one DAC. 

For operating without a jxP in the stand alone mode, three 
options are provided:, 1 ) using only a single digital data buff- 
er, 2) using both digital data buffers — “double buffered,” or 
3) allowing the input digital data to “flow through” to provide 
the analog output without the use of any data latches. 

To reduce the required reading, only the applicable sections 
of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an 8-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires two 
write cycles and provides four possible combinations which 
depend upon two basic data format and protocol decisions: 

1 . Is the data to be left justified (considered as fractional 
binary data with the binary point to the left) or right justi- 
fied (considered as binary weighted data with the binary 
point to the right)? 

2. Which byte will be transferred first, the most significant 
byte (MS byte) or the least significant byte (LS byte)? 


Table 1. 


Operating Mode 

Data Bus 

Automatic Transfer 

fiP Control Transfer 

External Transfer 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

8-Bit Data Bus (6.1 .0) 
Right Justified (6.1.1) 
Left Justified (6.1.2) 



6.2.2 

6.2.2 

16 

17 18 

6.2.3 

6.2.3 

16 

17 18 

16-Bit Data Bus (6.3.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.3.1 

19 20 

6.3.2 

19 20 

Not Applicable 

Stand Alone (6.4.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.4.1 

19 20 

■B 

19 20 

mtm 

19 NA 
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6.1.2 For Left Justified Data 

For applications which require left justified data, DAC1006- 
1008 {20-pin parts) can be used. A simplified logic diagram 
which shows the external connections to the data bus and 
the internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 18. 
These parts require the MS or Hi Byte data group to be 
transferred on the 1 st write cycle. 


These data possibilities are shown in Figure 15. Note that 
the justification of data depends on how the 10-bit data 
word is located within the 16-bit data source (CPU) register. 
In either case, there is a surplus of 6 bits and these are 
shown as “don’t care” terms (“x”) in this figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd write 
cycle, depending on the justification of the data. This re- 
quires the 1 St write cycle to contain the LS or LO Byte data 
group for all right justified data options. For all left justified 
data options, the 1st write cycle must contain the MS or Hi 
Byte data group. 

6.1,1 Providing for Optional Data Format 

The DAC1000/1/2 (24-pin parts) can be used for either 
data formatting by tying the LJ/RJ pin either high or low, 
respectively. A simplified logic diagram which shows the ex- 
ternal connections to the data bus and the internal functions 
of both of the data buffer registers (Input Latch and DAC 
Register) is shown in Figure 16 for the right justified data 
operation. Figure 17 \s for left justified data. 


6.2 Controlling Data Transfer for an 8-Bit Data Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC Register, 
where it will update the analog output voltage. The simplest 
is the automatic transfer mode, which causes the data 
transfer to occur at the time of the 2nd write cycle. This is 
recommended when the exact timing of the changes of the 
DAC analog output are not critical. This typically happens 
where each DAC is operating individually in a system and 
the analog updating of one DAC is not required to be syn- 
chronized to any other DAC. For synchronized DAC updat- 
ing, tw o options are provided: ^iP control via a common 
XFER strobe or external update timing control via an exter- 
nal strobe. The details of these options are now shown. 



FIGURE 15. Fitting a 10-Bit Data Word into 16 Available Bit Locations 



DAC1000/1001/1002 (24-Pin Parts) 



TL/H/5688-16 

FIGURE 16. Input Connections and Controls for DAC1000-1002 Right Justified Data Option 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the second 
byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the complete 10-bit word 
from the input latch to the DAC register. This is shown in the following timing diagrams; the point in time where the analog output 
is updated is also indicated on these diagrams. 


DAC1000/1001/1002 (24-Pin Parts) 


DAC1006/1007/1008 (20-Pin Parts) 


LOAD Bytt 1 LOAD Bytl 2 A XFEA 


1 y — \ 

/ UTCH i 

1/ / latch DAC 

•WB & XFER ^ 

J 

l/ / 

t f Bytl 1 

V / REGISTER 


\ f / »YI* 1 

\LJ 


tm- \ tii,uwn ^ 

TL/H/5688-18 

•SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 

6.2.2 Transfer Using jmP Write Stroke 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as.shown below, to cause 
the transfer to be accomplished on a third write strobe. This is shown in the following diagrams; 


DAC1000/1001/1002 (24-Pin Parts) 


DAC 1006/ 1007/ 1008 (20-Pin Parts) 


LOAD Bytt 1 LOAD Byl8 2 

LATCH Byts 1 ■A/yC 


ANALOG 

OUTPUT LATCH DAC 
UPDATED REGISTER 


LOAD Byte 1 . LOAD Byta 2 


ANALOG 

OUTPUT UTCH DAC 
UPDATED REGISTER 


Mr 


XFER 

'Mr 


WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 

ml- - O’ 

AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 

TL/H/5688-19 


6.2.3 Transfer Using an Externai Strobe • 

This is similar to the previous operation except the XFER signal is not provided by the /xP. The timing diagram for this is: 


DAC1000/1001/1002 (24-Pin Parts) 


DAC1006/1007/1008 (20-Pin Parts) 


VfRjOR XTeR 
instil OR W?l2 = 0 


LOAD Bytt 2 

— — \/ — 

" LATCH Bytl 1 LATCH Bytl 2 




ANALOG \ K 

OUTPUT A,.. J N 
UPDATED f UTCH DAC 

XFER . 




XFER r~ 

? VXA 

cn ^ UTCH 
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DAC1000/1001/1002(24-Pln Parts) 



D 10-BIT 0 

0 DAC D 

n latch „ 


otTtfl EiraBn = i,o 

OUTPUTS FOLL OW 0 INPUTS. 

□rrcfl enable = o, data 

AT D IS lATCNEO. 


U/RJ (INTERNAL LOGIC IS SHOWN FOR 
I LF/in = 1-LEn JUSTIFIED) 


FIGURE 17. Input Connections and Controls for DAC1000-1002 Left Justified Data Option 


DAC1006/1007/1008 (20-Pin Parts for Left Justified Data). 



DSlTR fTOn = VQ 
OUTPU TS fOll OW D INPUTS. 

mcTi nresn = o. data 

AT D IS LATCHED. 


FIGURE 18. Input Connections and Controls for DAC 1006/ 1007/ 1008 Left Justified Data 
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6.3 Interfacing to a 16-Bit Data Bus 

The interface to a 16-bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring selected 
right justified or left justified data format. This is shown in the connection diagrams of Figures 19 and 20 , where the use of DB6 
to DB15 gives left justified data operation. Note that any part number can be used and the Byte1/Byte2 control should be wired 
Hi. 





FIGURE 19. Input Connections and Logic for DAC1000-1002 with 16-Blt Data Bus 


left I OAC10fl6/1007/1008 (20-PIN PARTS) 

JUSTIFIED I 



TL/H/5688-21 


FIGURE 20. Input Connections and Logic for DAC 1006/ 1007/ 1008 with 16-Blt Data Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are shown 
below: 


6.3.1 Single Buffered 

DAC1000/1001/1002 (24-Pin Parts) 


DAC1006/1007/1008 (20-Pin Parts) 


Byti 1/57irj = 1 

xrai=o 


" V latches n*TA I 
^ DAC REGISTER 


ANALOG 

OUTPUT 

AftH-0 UPDATED- 


t / V INPUT DATA IS 

^ UTCHED 

LOAD INPUT LATCH 


6.3.2 Double Buffered 

DAC 1000/1001/1002 (24-Pln Parts) 


DAC 1006/ 1007/ 1008 (20-Pln Parts) 


INPUT DATA IS LATCHED 

\ \y 


INPUT DATA IS LATCHED 


6.4 Stand Alone Operation 

For applications for a DAC which are not under jaP control (stand alone) there are two basic operating modes, single buffered 
and double buffered. The timing diagrams for these are shown below: 

6.4.1 Single Buffered 


DAC1000/ 1001/ 1002 (24-Pin Parts) 


6.4.2 Double Buffered 


DAC 1006/ 1007/ 1008 (20-Pln Parts) 


XFER TD DAC REGISTER 




ANALDGf . 
DUTPUT/ 


LATCHES DATA IN DAC REGISTER 
(INPUT DATA MUST REMAIN VALID 
UNTIL THIS TIME) 


DAC1000/1001/1002 (24-Pln Parts) 


DAC 1006/ 1007/ 1008 (20-Pin Parts)* 


WSJ 

E5=ra=D 

D,tl J = 1 


LC V XFER t— 

ANALOG \ / 

OUTPUT -L— 'V LATCH DAC 

UPDATED-^ REGISTER 


*For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 20 for the Data Input connections. 
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6.4.3 Flow Through 

This operating mode causes the 10-bit input word to directly create the DAC output without any latching involved. 


DAC1000/1001/1002 (24-Pin Parts) 

WRT = WR2 = eg = 3<PER = 0 
Byte 1 /Byte 2=1 


7.0 MICROPROCESSOR INTERFACE 

The logic functions of the DAC1000 family have been ori- 
ented towards an ease of interface with all popular p,Ps. The 
following sections discuss in detail a few useful interface 
schemes. 

7.1 DAC1001/1/2 to INS8080A Interface 

Figure 21 illustrates the simplicity of interfacing the 
DAC1000 to an INS8080A based microprocessor system. 


The circuit will perform an automatic transfer of the 10 bits 
of output data from the CPU to the DAC register as outlined 
in Section 6.2.1 , “Controlling Data Transfer for an 8-Bit Data 
Bus.” 

Since a double byte wrife is necessary to control the DAC 
with the INS8080A, a possible instruction to achieve this is a 
PUSH of a register pair onto a “stack” in memory. The 16- 
bit register pair word will contain the 10 bits of the eventual 
DAC input data in the proper sequence to conform to both 


Bl Ti 

82 T2 

83 T3 
B 4 0Mai31 T 4 

85 T5 

86 T6 


« US 

+ 15V0-2^ Vcc 
+10VO— VREF 


|l7llgh9|20|2l|7|Bl9llM11 
ilrc 019 ' 


GIID l U/in Bl/Bf XFEB Win WH7.. , 
15 n 96 93 95 


RIB I IQUTI 

"soe I'" 


114 ' OA 


CS @ FOXX 


NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD FBBI STORES THE L 
REG INTO Bl AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 


FIGURE 21. Interfacing the DAC1000 to the INS8080A CPU Group 
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the requirements of the DAC (with regard to right or left 
justified data) and the implementation of the PUSH instruc- 
tion which will output the higher order byte of the register 
pair (i.e., register B of the BC pair) first. The DAC will actual- 
ly appear as a two-byte “stack" in memory to the CPU. The 
auto-decrementing of the stack pointer during a PUSH al- 
lows u sing addre ss bit 0 of the stack pointer as the Bytel/ 
Byte2 and XFER strobes if bit 0 of the stack pointer address 
— 1, (SP-1), is a “1" as presented to the DAC. Additional 
address decoding by the DM8131 will generate a unique 
DAC chip select (CS) and synchronize this CS to the two 
memory write strobes of the PUSH instruction. 

To reset the stack pointer so new data may be output to the 
same DAC, a POP instruction followed by instructions to 
insure that proper data is in the DAC data register pair be- 
fore it is “PUSHED" to the DAC should be executed, as the 
POP instruction will arbitrarily alter the contents of a register 
pair. 

Another double byte write instruction is Store H and L Direct 
(SHLD), where the HL register pair would temporarily con- 
tain the DAC data and the two sequential addresses for the 
DAC are specified by the instruction op code. The auto in- 
crementing of the DAC address by the SHLD instruction 
permits the same simple scheme of using address bit 0 to 
generate the byte number and transfer strobes. 

7.2 DAC1000 to MC6820/1 PIA Interface 

In Figure 22 the DAC1 000 is interfaced to an M6800 system 
through an MC6820/T Peripheral Interface Adapter (PIA). In 
this case the CS pin of the DAC is grounded since the PIA is 
already mapped in the 6800 system memory space and no 
decoding is necessary. Furthermore, by using both Ports A 
and B of the PIA the 10-bit data transfer, assumed right 
justified again in two 8-bit bytes, is greatly simplified. The 
HIGH byte is loaded into Output Register A (ORA) of the 


PIA, and the LOW byte is loaded into ORB. The 10-bit data 
transfer to the DAC and the corresponding analog output 
change occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC register 
will be latched (and hence Vqut will be fixed) when CB2 is 
brought back HIGH. 

If both output ports of the PIA are not available, it is possible 
to interface the DAC1000 through a single port without 
much effort. However, additional logic at the CB2(or CA2) 
lines or access to some of the 6800 system control lines will 
be required. 

7.3 Noise Considerations 

A typical digital/microprocessor bus environment is a tre- 
mendous potential source of high frequency noise which 
can be coupled to sensitive analog circuitry. The fast edges 
of the data and address bus signals generate frequency 
components of 10’s of megahertz and can cause noise 
spikes to appear at the DAC output. These noise spikes 
occur when the data bus changes state or when data is 
transferred between the latches of the device. 

In low frequency or DC applications, low pass filtering can 
reduce these noise spikes. This is accomplished by over- 
compensating the DAC output amplifier by increasing the 
value of the feedback capacitor (Cc in Figure 3). 

In applications requiring a fast transient response from the 
DAC and op amp, filtering may not be feasible. Adding a 
latch, DM74LS374, as shown in Figure 23 isolates the de- 
vice from the data bus, thus eliminating noise spikes that 
occur every time the data bus changes state. Another meth- 
od for eliminating noise spikes is to add a sample and hold 
after the DAC op amp. This also has the advantage of elimi- 
nating noise spikes when changing digital codes. 
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Ln3333 


DAC1000 

SERIES 


SI 


vref 



Ordering Information 


1. All Logic Features — 24-pin package. 


Accuracy 

Temperature Range 

- 40°C to -H aS'C - 55°C to + 1 25°C 

0“ to +70'C 

0.05% (10-bit) 

DAC1000LCD 

DAC1000LD 

DAC1000LCN 

0.10% (9-bit) 

DAC1001LCD 

DAC1001LD 

DAC1001LCN 

0.20% (8-bit) 

DAC1002LCD 

DAC1002LD 

DAC1002LCN 

Package Outline 

D24C 

D24C 

N24A 


2. For Left Justified Data — 20-pin package.(See package outline D20C). 


Accuracy 

Temperature Range 

- 40-0 to + 85°C - 55X to -h 1 25“C 

OMo +70°C 

0.05% (10-bit) 

DAC1006LCD 

DAC1006LD 

DAC1006LCN 

0.10% (9-bit) 

DAC1007LCD 

DAC1007LD 

DAC1007LCN 

0.20% (8-bit) 

DAC1008LCD 

DAC1008LD 

DAC1008LCN 

Package Outline 

D20A 

D20A 

N20A 
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DAC1020/DAC1021/DAC1022 

DAC1220/DAC1221/DAC1222 


National 

Semiconductor 

DAC1020, DAC1021, DAC1022 10-Bit Binary Muitipiying 
D/A converter DAC1220, DAC1221, DAC1222 12-Bit 
Binary Multiplying D/A Converter 


General Description 

The DACi020 and the DAC1220 are, respectively. 10 and 
12-bit binary multiplying digital-to-analog converters. A de- 
posited thin film R-2R resistor ladder divides the reference 
current and provides the circuit with excellent temperature 
tracking characteristics (0.0002 %/°C linearity error temper- 
ature coefficient maximum). The circuit uses CMOS current 
switches and drive circuitry to achieve low power consump- 
tion (30 mW max) and low output leakages (200 nA max). 
The digital inputs are compatible with DTL/TTL logic levels 
as well as full CMOS logic level swings. This part, combined 
with an external amplifier and voltage reference, can be 
used as a standard D/A converter; however, it is also very 
attractive for multiplying applications (such as digitally con- 
trolled gain blocks) since its linearity error is essentially in- 
dependent of the voltage reference. All inputs are protected 
from damage due to static discharge by diode clamps to V+ 
and ground. 

This part is available with 10-bit (0.05%), 9-bit (0.10%), and 
8-bit (0.20%) non-linearity guaranteed over temperature 


(note 1 of electrical characteristics). The DAC1020, 
DAC1021 and DAC1022 are direct replacements for the 10- 
bit resolution AD7520 and AD7530 and equivalent to the 
AD7533 family. The DAC1220, DAC1221 and DAC1222 are 
direct replacements for the 12-bit resolution AD7521 and 
AD7531 family. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Non-linearity guaranteed over temperature 

■ Integrated thin film on CMOS structure 

■ 10-bit or 12-bit resolution 

■ Low power dissipation 1 0 mW @ 1 5V typ 

■ Accepts variable or fixed reference -25 V^Vfief^25V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time — 500 ns typ 

■ Low feedthrough error— Vi LSB @100 kHz typ 



Temperature Range 

1 0°C to 70°C 

1 -40°Cto -LSS'C 

1 -55°Cto +125°C 

ACCURACY 

0.05% 

DAC1020LCN 

AD7520LN,AD7530LN 

DAC1020LCD 

AD7520LD,AD7530LD 

DAC1020LD 

AD7520UD 

0.10% 

DAC1021LCN 

AD7520KN,AD7530KN 

DAC1021LCD 

AD7520KD,AD7530KD 

DAC1021LD 

AD7520TD 


0.20% 

DAC1022LCN 

AD7520JN,AD7530JN 

DAC1022LCD 

AD7520JD,AD7530JD 

DAC1022LD 

AD7520SD 

PACKAGE OUTLINE 

N16A 

D16C 

D16C 

12-BIT D/A CONVERTERS 

Temperature Range 

0°C to 70X 

-40'C to -l-85°C 

-55'’Cto -H25X 

ACCURACY 

0.05% 

DAC1220LCN 

AD7521LN,AD7531LN 

DAC1220LCD 

AD7521LD,AD7531LD 

DAC1220LD 

AD7521UD 

0.10% 

DAC1221LCN 

AD7521KN.AD7531KN 

DAC1221LCD 

AD7521KD,AD7531KD 

DAC1221LD 

AD7521TD 


0.20% 

DAC1222LCN 

AD7521JN,AD7531JN 

DAC1222LCD 

AD7521JD,AD7531JD 

DAC1222LD 

AD7521SD 

PACKAGE OUTLINE I 

N18A 1 

D18A 

1 D18A 


Note. Devices may be ordered by either part number. 
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Absolute Maximum Ratings 

V+toGnd 17V 

VpEptoGnd ±25V 

Digital Input Voltage Range V+ to Gnd 

DC Voltage at Pin 1 or Pin 2 (Note 3) - 1 00 mV to V + 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (v+ - isv.vref 



Operating Conditions 

Min Max Units 

Temperature (Ta) 

DAC1020LD, DAC1021LD, -55 +125 °C 

DAC1022LD, DAC1220LD, -55 +125 “C 

DAC1221LD, DAC1222LD, -55 +125 °C 

DAC1020LCD, DAC1021LCD, -40 +85 "C 

DAC1022LCD, DAC1220LCD, -40 +85 °C 

DAC1221LCD, DAC1222LCD -40 +85 °C 

DAC1020LCN, DAC1021LCN 0 +70 “C 

DAC1022LCN, DAC1220LCN 0 +70 "C 

DAC1221LCN,DAC1222LCN 0 +70 °C 

10.000V, Ta = 25°C unless otherwise specified) 


DAC1020, DAC1021, DAC1220, DAC1221, 

DAC1022 DAC1222 Units 


Typ Max 


Typ I Max 


Resolution 


Linearity Error 


10-Bit Parts 
9-Bit Parts 
8-Bit Parts 


Linearity Error Tempco 


Full-Scale Error 


Full-Scale Error Tempco 


Output Leakage Current 
•0UT1 
lOUT 2 


Power Supply Sensitivity 


Vref Input Resistance 


Full-Scale Current Settling 
Time 


Vref Feedthrough 


Output Capacitance 
Iquti 


Digital Input 
Low Threshold 
High Threshold 


Tmin<Ta<Tmax. 

-10V<Vref< + 10V, 

(Note 1) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) 
DAC1020, DAC1220 
DAC1021,DAC1221 
DAC1022. DAC1222 


-10V^Vref^ + 10V, 
(Notes 1 and 2) 


-10V^Vref^ + 10V, 
(Notes 1 and 2) 


Tmin<Ta<Tmax. 
(Note 2) 


TmIN^Ta^TmaX 
All Digital Inputs Low 
All Digital Inputs High 


All Digital Inputs High, 
14V^V+^16V, (Note2). 
(Figure 2) 


Rl= lOOn from 0 to 99. 95% 
FS 

All Digital Inputs Switched 
Simultaneously 


All Digital Inputs Low, 

Vref = 20 Vp-p @ 1 00 kHz 
D Package (Note 4) 

N Package 


All Digital Inputs Low 
All Digital Inputs High 
All Digital Inputs Low 
All Digital Inputs High 


(Figure 1) 

Tmin<Ta<Tmax 

Tmin<Ta<Tmax 
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DAC1020/DAC1021 /DAC1 022 
DAC1220/DAC1221/DAC1222 
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Electrical Characteristics (Continued) 

(V+ = 15V, Vrep = 10.000V, Ta = 25°C unless otherwise specified) 


Parameter 

Conditions 

Digital Input Current 

Tmin^Ta^Tmax 

Digital Input High' 

Digital Input Low 

Supply Current 

All Digital Inputs High 

All Digital Inputs Low 

Operating Power Supply 
Range 

(Figures 1 and 2) 


DAC1020, DAC1021, 
DAC1022 


DAC1220, DAC1221, 
DAC1222 



Note 1: Vrep= ±10V and Vrep= ±1V. A linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guarantees 0.009% maximum change in 
linearity error. For instance, if the linearity error at 25”C is 0.045% FS it could increase to 0.054% at 70“C and the DAC will be no longer a 10-bit part. Note, 
however, that the linearity error is specified over the device fuii temperature range which is a more stringent specification since it includes the linearity error 
temperature coefficient. 

Note 2: Using internai feedback resistor as shown in Figure 3. 

Note 3: Both Iqut l snd Iqut 2 must go to ground or the virtual ground of an operational amplifier. If Vrep= 10V, every millivolt offset between Iqut l of loUT 2 - 
0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the D package, the user must ground the metal lid. 


T ypical Performance Characteristics 



20 40 60 

Ta- TEMPERATURE (°C) 



10.0 15.0 

(VOLTS) 


FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 


FIGURE 2. Gain Error Variation vs V+ 
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Typical Applications 


The following applications are also valid for 12-bit systems 
using the DAC1220 and 2 additional digital inputs. 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, I5, flows through the 15k internal 
feedback resistor. BI-FET op amps have low It, and, there- 
fore, the 15k X It, error they introduce is negligible; they are 
strongly recommended for the DAC1020 applications. 

Vos Considerations 

The output impedance. Rout, of the DAC is modulated by 
the digital input code which causes a modulation of the op- 
erational amplifier output offset. It is therefore recommend- 
ed to adjust the op amp Vqs- Rout is ~ 15k if more than 4 
digital inputs are high; Rqut is ~45k if a single digital input 
is high, and Rout approaches infinity if all inputs are low. 


Operational Amplifier Vqs Adjust (Figure 3) 

Connect all digital inputs, A1-A10, to ground and adjust the 
potentiometer to bring the op amp VouT Pin to within ± 1 
mV from ground potential. If Vref is less than 10V, a finer 
Vos adjustment is required. It is helpful to increase the reso- 
lution of the Vos adjust procedure by connecting a 1 kn 
resistor between the inverting input of the op amp to 
ground. After Vos hss been adjusted, remove the 1 kfl. 

Full-Scale Adjust (Figure 4) 

Switch high all the digital inputs, A1-A10, and measure the 
op amp output voltage. Use a 500(1 potentiometer, as 
shown, to bring ||VoutII to a voltage equal to Vref ^ 
1023/1024. 


SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 


Circuit Small 
Signal BW 



MSB LSB 

A1 A2 A3 A4 AS AS A7 AS A9 AID 





,, ,, /A1 A2 A3 A10\ 

* VoijT = “Vdfp ( 1 1 h ••• I 

UUI V 2 4 8 1024/ 

-10V S Vref ^ 10V 

1023 

O^VouT^ -~Vref 

where An = 1 if the An digital input is high 
An = 0 if the An digital input is low 

FIGURE 3. Basic Connection; Unipolar or 2-Quadrant Multiplying 
Configuration (Digital Attenuator) 
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DAC1020/DAC1021/DAC1022 

DAC1220/DAC1221/DAC1222 






















Typical Applications (Continued) 


MSB LS8 

A1 A2 A3 A4 AS A8 A7 A8 A9 AIO 500 



V" ADJUST 


FIGURE 4: Full-Scale Adjust 


MSB LS8 

A1 A2 A3 A4 AS A6 A7 AS A9 AID 



V” 


FIGURE 5, Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 


DIGITAL WORD A 

MSB ISB 



where Vref can be an AC signal 

FIGURE 6. Precision Analog-to-Digital Multiplier 


TL/H/5689-4 







Typical Applications (Continued) 


t A 2 A] A 4 Al A| Al Al At AtO 



w Ml A2 A10 1 N 

V 2 .4 1024 1024/ 

where: AN = + 1 if A^ input is high 
AN = - 1 if An input is low 


COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 


DIGITAL INPUT 

VOUT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ Vref 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Vref X 1022/1024 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Vref X 2/1024 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-Vref X 2/1024 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-Vref (1022/1024) 


Note that: 

'OUT, + IOUT2 - X j 

• By doubling the output range we get half the resolution 

• The 10M resistor, adds a 1 LSB “thump”, to allow full 
offset binary operation where the output reaches zero for 
the half-scale code. If symmetrical output excursions are 
required, omit the 10M resistor. 


FIGURE 7. Bipolar 4-Quadrant Multiplying Configuration 


Operational Amplifiers Vqs Adjust (Figure 7) 

a) Switch all the digital inputs high; adjust the Vqs potenti- 
ometer of op amp B to bring its output to a value equal 
to-(VREF/1024) (V). 

b) Switch the MSB high and the remaining digital inputs 
low. Adjust the Vqs potentiometer of op amp A, to bring 
its output value to within a 1 mV from ground potential. 
For Vref < 10V, a finer adjust is necessary, as already 
mentioned in the previous application. 


Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit is the same 
with the one previously discussed. 


Al A2 A3 A4 AS A6 A? AS A9 A1Q 

?« ?> i iiiYii?i;fu 

■ D«CI0?J Iquii) 

'OUTj/^ 


Al A2 A3 A4 AS AS Al AS AS AID 

OACID20 'ouriS 


VouT<SWING), 

'•Vref' 


MATCHED 10k RESISTORS 


TRUE OFFSET BINARY OPERATION 


DIGITAL INPUT 

VoUT 

1111111111 

1000000000 

ooo'ooooooo 

Vref X 1022/1024 

0 

“Vref 


tg = 1.8 fiS 

use LM336 for a voltage reference 

FIGURE 8. Bipolar Configuration with a Single Op Amp 




R3 + Rl||R2 = RjAy- = R = 20k 

Vref 

Example: Vref = 2V, Vqut (swing) a ±10V: Av“ = 5V 
Then R4 = 9R, R1 = 0.0 R2. If R1 = 0.2R then R2 = 0.25R, 
R3 = 0.64R 

FIGURE 9. Bipolar Configuration with 
Increased Output Swing 
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DAC1 020/DAC1 021 /DAC1 022 
DAC1220/DAC1221/DAC1222 







DAC1020/DAC1021/DAC1022 

DAC1220/DAC1221/DAC1222 


Typical Applications (Continued) 


MSB lsb 

A1 A2 A3 M AS A6 A7 AS A9 AIQ 



^ M A10 \ 
I 2 ''' 4 ^ 8 ■ ■ '1024/ 


where: Vref can be an AC signal 

• By connecting the DAC in the feedback loop of an opera- 
tional amplifier a linear digitally control gain block can be 
realized 

• Note that with all digital inputs low, the gain of the amplifier 

is infinity, that is, the op amp will saturate. In other words, we 
cannot divide the Vref by zero! • • 

FIGURE 10. Analog-to-DIgital Divider (or Digitaliy Gain Controiled Amplifier) 


MSB lsb 

A1 A2 A3 M AS A6 A7 A8 AS AIB 



VouT = Vref 


^ ^ A10 

2 ^ 4 1024 

^ « A10 

2 4 1024 


or VoUT = Vref 


(^) 


where: 0 S N ^ 1023 
N = 0 for Afg = all zeros 
N = 1 for A10 = 1, A1-A9 = 0 


N = 1023 for An = alM’s 

FIGURE 11. Digitally controlled Amplifier-Attenuator 
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Typical Applications (Continued) 



• Output voltage range = OV - 10V peak 

• THD < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, 
filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look 
up table ROM 

• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Osciiiator Using Sine Look-Up ROM 
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DAC1020/DAC1021/DAC1022 

DAC1220/DAC1221/DAC1222 







Typical Applications (Continued) 



MM74C00 — NAND gates 
MM74C32 — OR gates 
MM74C74 — D flip-flop 
MM74C193 — Binary up/ 

down counters 


• Binary up/down counter digitally “ramps” the DAC 
output 

• Can stop counting at any desired 10-bit input code 

• Senses up or down count overflow and automatically 
reverses direction of count 


FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits 








(a) End point test after zero and full-scale adjust. 
The DAC has 1 LSB linearity error 


TL/H/5689-10 

b1 b2 

(b) By shifting the full-scale calibration on of the DAC of 
Figure (b1) we could pass the “best straight line" (b2) 
test and meet the ± Va linearity error specification 


Note, (a), (b1) and (b2) above illustrate the difference between "end point" National’s linearity test (a) and "best straight line" test. Note that both devices in (a) and 
(b2) meet the ± Vi LSB linearity error specification but the end point test is a more ‘‘real life" way of characterizing the DAC. 


Connection Diagrams 


DAC102X 

Dual-In-Line Package 


DAC122X 

Dual-ln-Line Package 



16 

""feedback 

1 

•out' “■ 

u 


— VREf IN 

2 

•out* “ 




CNO •— 







— AlddSB) 

AKMSB)*— 




s 

A2 — 



— At 

6 

A3 — 



— a; 

7 

A« — 




A6 * 


TOP VIEW 





Order Numbers DAC1020, DAC1021. DAC1022, DAC1220, DAC1221, DAC1222 
See NS Packages N16A, D16C, N18A, D18A 
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DAC1020/DAC1021/DAC1022 

DAC1220/DAC1221/DAC1222 







DAC1208/DAC1209/DAC1210/ 

DAC1230/DAC1231/DAC1232 


National 

JSfl Semiconductor 

MICRO-DACTM DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1232 12-Bit, juP Compatible, 


Double- Buffered D to A Converters 


General Description 

The DAC1 208 and the DAC1 230 series are 1 2-bit multiply- 
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, Z-80, 
etc.). Double buffering input registers and associated con- 
troi lines ailow these DACs to appear as a two-byte “stack” 
in the system’s memory or I/O space with no additional in- 
terfacing logic required. 

The DAC1208 series provides all 12 input lines to ailow sin- 
gle buffering for maximum throughput when used with 16-bit 
processors. These input lines can also be externally config- 
ured to perrnit an 8-bit data interface. The DAC1230 series 
can be used with an 8-bit data bus directly as it internally 
formulates the 12-bit DAC data from its 8 input lines. All of 
these DACs accept left-justified data from the processor. 


Features 

■ Linearity specified with zero and fuii-scale adjust only 

■ Direct interface to all popular microprocessors 

■ Double-buffered, single-buffered or flow through digital 
data inputs 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

■ Works with ±10V reference — full 4-quadrant multiplica- 
tion 

■ Operates stand-alone (without /j.P) if desired 

■ All parts guaranteed 12-bit monotonic 

■ DAC1230 series is pin compatibie with the DAC0830 
series 8-bit MICRO-DACs 


The analog section is a precision siiicon-chromium (Si-Cr) 
R-2R iadder network and tweive CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the Iquti and louT2 
maintaining a constant current in each ladder leg indepen- 
dent of the switch state. Special circuitry provides TTL logic 
input voltage level compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatibie DACs 
(MICRO-DACstm). For appiications requiring other resolu- 
tions, the DAC1000 series for 10-bit and DAC0830 series 
for 8-bit are avaiiable aiternatives. 


Key Specifications 

■ Current Settling Time 1 ju,S 

■ Resolution 12 Bits 

■ Linearity (Guaranteed 

over temperature) 10, 11, or 12 Bits of FS 

■ Gain Tempco 1.5 ppm/°C 

■ Low Power Dissipation 20 mW 

■ Single Power Supply 5 Vdc 1o 1 5 Vqc 


Typical Application 



TL/H/5690-1 


Ordering Information 


Accuracy 

Package 

20-Pin 

D20A 

24-Pin 

D24C 

0.012% 

DAC1230LCD 

DAC1208LCD 

0.024% 

DAC1231LCD 

DAC1209LCD 

0.05% 

DAC1232LCD 

DAC1210LCD 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

Supply Voltage (Vcc) 1 7 Vdc 

Voltage at Any Digital Input Vcc GND 

Voltage at Vref Input ± 25V 

Storage T emperature Range - 65°C to + 1 SO’C 

Package Dissipation at Ta = 25°C (Note 3) 500 mW 

DC Voltage Applied to Iqliti oi" Iout2 
(Note 4) - 1 00 mV to Vcc 


Electrical Characteristics 

Ta = 25°C, Vref= 10-000 Vdc. Vcc = 11-4 Vdc 1o 15.75 Vdc unless otherwise noted. 


1 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Notes 

Resolution 


12 

12 

12 

Bits 


Linearity Error 

Zero and Full-Scale 





4,7 

(End Point Linearity) 

Adjusted 

Tmin<Ta<Tmax 


' 



6 


— iov^ Vref^ 1 ov 

DAC1208, DAC1230 



0.012 

% of FSR 

5 


DAC1209, DAC1231 



0.024 

% of FSR 



DAC1210, DAC1232 



0.05 

% of FSR 


Differential Non-Linearity 

Zero and Full-Scale 





4,7 


Adjusted 

Tmin<Ta<T|viax 





6 


-IOV^Vref^IOV 

DAC1208, DAC1230 



0.012 

% of FSR 

5 


DAC1209, DAC1231 



0.024 

% of FSR 



DAC1210. DAC1232 



0.05 

% of FSR 


, Monotonicity 

Tmin<Ta<Tmax 





4,6 


— iov^ Vref^ 10V 

12 

12 

12 

Bits 

5 

Gain Error 

Using Internal Rfu 
-IOV^Vref^IOV 

1 -0.2 

-0.01 

0.0 

% of FS 

5 

Gain Error Tempco 

Tmin<Ta<Tmax 





6,7 


Using Internal Rfu 


±1.3 

±6.0 

ppm of FS/°C 

10 

Power Supply Rejection 

All Digital Inputs 

Latched High 


±3.0 


ppm of FSR/V 

7 

Reference Input Resistance 


10 

15 

20 

kn 


Output Feedthrough Error 

Vref = 20 Vp-p,f=100 kHz 

All Data Inputs Latched 

Low 


3 


mVp-p 

9 

Output Capacitance 

All Data Inputs Iquti 


200 





Latched High louT2 


70 





All Data Inputs Iquti 


70 





Latched Low Iout 2 


200 

1 



Supply Current Drain 

Tmin^Ta^Tmax 

! 

1.2 

2.0 

mA 

6 

Output Leakage Current 

Tmin^Ta^Tmax 





6, 11 

Iquti 

All Data Inputs Latched 

Low 



15 

nA 

6, 11 

l0UT2 

All Data Inputs Latched 

High 



15 

nA 


Digital Input Threshold 

Tmin=sTa^Tmax 

Low Threshold 



0.8 

Vdc 

6 


High Threshold 

2.0 



Vdc 


Digital Input Currents 

Tmin^Ta^Tmax 

Digital Inputs <0.8V 


-50 

-200 

f-Adc 

6 


Digital Inputs >2.0V 


0.1 

10 

f-Adc 



Operating Ratings 

Lead Temperature (Soldering, 10 seconds) 300°C 

Temperature Range -40°Cto +85°C* 

Range of Vcc 4.75 Vdc 1o 1® ^dc 

Voltage at Any Digital Input Vcc 1o GND 

* Military temperature range device will be available in future. 


DAC1208/DAC1209/DAC1210/ 

DAC1230/DAC1231/DAC1232 

















































































DAC1208/DAC1209/DAC1210/ 
DAC1230/DAC1231 /DAC1 232 


Electrical Characteristics (Continued) 

Ta = 25°C, Vref = 10.000 Vdc. Vcc =11.4 Vdc 1o 15.75 N/qc unless otherwise noted. 



Parameter 


Full-Scale Current 
Settling Time 


Write and XFER 
Pulse Width 


Data Set-Up Time 


Data Hold Time 


Control Set-Up Time 


Control Hold Time 


Rl= lOOfl, Output Settled 
to 0.01 %CS = WRT= 
WR2=XFER = 0V. Bytel/ 
Byte 2 = 5V, DIq through Dli ^ 
Switched Simultaneously 


V|L=0V, V|h = 5V. 

Tmin^Ta^Tmax 


V|l=0V.V|h = 5V 
TmIN^Ta^Tmax 


V|L=0V, V|h = 5V 

TmiN^Ta^Tmax 


V|L = 0V, V|h = 5V 
TmIN^Ta^TmaX 


V|L = 0V, V|h = 5V 
TmIN^Ta^TmaX 




IS 

8, 10 

IS 

6, 8,10 

IS 

10 

IS 

6, 10 

IS 

10 

IS 

6, 10 

IS 

10 

IS 

6,10 

IS 

10 

IS 

6,10 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GNO. unless othenvise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iquh and louT2 must go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vqs Vref- For 
example, if \/ref= 10V then a 1 mV offset, Vqs. on Iquti or louT 2 will introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed at Vref= ±10 Vdc and Vref= ±1 Vdc- 

Note 6: Th/(|N= — 40'’C and Tmax~85°C. 

Note 7: The unit FSR stands for full-scale range. Linearity Error’and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
Vref value to indicate the true performance of the part. The Linearity Error specification of the DAC1208 Is 0.012% of FSR(max). This guarantees that after 
performing a zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.01 2% x Vref o1 a straight line which passes through 
zero and full-scale. The unit ppm of FSR(parts per million of full-scale range) and ppm of FS(parts per million of full-scale) are used for convenience to define specs 
of very small percentage values, typical of higher accuracy converters. In this instance, 1 ppm of FSR = Vref/ 10® is the conversion factor to provide an actual 
output voltage quantity. For example, the gain error tempco spec of ±6 ppm of FS/'C represents a worst-case full-scale gain error change with temperature from 
-40"C to H-eS'C of ±(6)(Vref/106)(125”C) or ±0.75 (10-3) Vref Which is ±0.075% of Vref- 

Note 8: This spec implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tyy of only 
100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tDs. foH and ts to apply. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 

Note 10: Guaranteed by design but not tested. * 

Note 11: An 10 nA leakage current with RFb=20k and Vref=10V corresponds to a zero error of (10xi0“9x20xi03)xi00% 10V or 0.002% of FS. 


Connection Diagrams 

Dual-ln-Line Package 


Dual-ln-Llne Package 




See Ordering Information 
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CHANGE IN ERROR (X) DIGITAL THRESHOLD (VI 


Switching Waveforms 



'OUT1,<OUT2 


.SETTLED TO 
1 1/2 LSB 


Typical Performance Characteristics 


Digital Input Threshold 

vs Vcc 



U Ta-2B°C 
.. Ta-Wc 


S (0 IS 

Vcc -SUPPLY VOLTAGE (V) 


Digital input Threshold vs 
Temperature 







1 1 ^ 

^C’)SVoc 


- 



^l-L 


-]S-tS 5 2S 41 6S IS 
Ta - AMBIENT TEMPERATURE rC) 


Gain and Linearity Error 
Variation vs Temperature 

Vcc"15V|)C 

nr 

AGAIN 


-3S-IS S 25 45 SS IS 
Ta - AMBIENT TEMPERATURE (°C) 


Gain and Linearity Error 
Variation vs Supply Voltage 

0.01 

0.005 A LINEARITY ERROR 


S 10 IS 

Vcc -SUPPLY VOLTAGE (Voc) 


Control Set-Up Time, tcs 


_ V|NL-0V 

S SOO UV|NH “SYTOOV 


t-'i I I I ycc-.isvi 

-25 -IS S 25 45 65 IS 
Ta - AMBIENT TEMPERATURE (°C) 


Data Hold Time, toH 



-35 -IS 5 25 45 65 IS 

Ta - AMBIENT TEMPERATURE (°C) 


Write Pulse Width, tw 


V|H|,-0V 

500 • V|nh-3VT0 5V- 


f I I I I >>CC-15V| 

-35 -IS 5 25 45 65 15 
Ta - AMBIENT TEMPERATURE (°C) 


Data Set-Up Time, tps 



■HiliBi 


-35 -IS 5 25 45 65 45 

Ta - AMBIENT TEMPERATURE (°C) 
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TL/H/5690-4 


DAC1208/DAC1209/DAC1210/ 
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Definition of Package Pinouts 

CONTROL SIGNALS (all control signals are level actuated) 
CS: Chip Select (active low). The CS v/ill enable WR1. 
WR1: Write 1 . The active low WR1 is used to load the digital 
data bits (Dl) int o the input latch. The data in the input latch 
is latched when WR1 is high. The 12-bit input latch is split 
into two latches, one ho lds the first 8 bits, while the other 
holds 4 bits. The Byte 1 /Byte 2 control pin is used to select 
both latches when Byte 1/Byte 2 is high or to overwrite the 
4-bit input latch when in the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control is 
high, all 12 locations of the input latch are enabled. When 
low, only the four least significant locations of the input latch 
are enabled. 

WR2: Write 2 (active low). The WR2 will enable XFER. 
XFER: Transfer C ontro l Signal (active low). This signal, in 
combination with WR2, causes the 12-bit data which is 
available in the input latches to transfer to the DAC register. 
Dio to Dili: Digital Inputs. DIq is the least significant digital 
input (LSB) and Din is the most significant digital input 
(MSB). 

louTi- DAC Current Output 1. louTi is a maximum for a 
digital code of all Is in the DAC register, and is zero for all 
Os in the DAC register. 

Iqutz: DAC Current Output 2. louT2 's a constant minus 
loUTi. or louTi + louT 2 = constant (for a fixed reference 
voltage). This constant current is 

divided by the reference input resistance. 

Rpb: Feedback Resistor. The feedback resistor is provided 
on the 1C chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and tracks these 
resistors over temperature. 

Vref: Reference Voltage Input. This input connects an ex- 
ternal precision voltage source to the internal R-2R ladder. 
Vref can be selected over the range of 10V to -10V. This 
is also the analog voltage input for a 4-quadrant multiplying 
DAC application. 

Vcc= Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Vqc to 15 Vqq. Operation is 
optimum for 15 Vdc- 

GND: Pin 12 voltage of the DAC1208, DAC 1209, DAC1210 
and Pin 10 voltage of the DAC1230, DAC1231, DAC1232 



a) End point test after zero 
and FS adjust 


must be at the same ground potential as Iqliti ^^^cI Iout2 
for current switching applications. Any difference of poten- 
tial (Vqs on these pins) will result in a linearity change of 

Vqs 
3 Vref 

For example, if Vref= 10V and these ground pins are 9 mV 
offset from Iquti ^od louT2 linearity change will be 
0.03%. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1208 has 212 or 4096 steps and therefore 
has 12-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± Vz LSB of the final output value. 
Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1208 or DAC1230 series, full-scale is 
Vref“ 1 LSB. For Vref = 10V and unipolar operation, 
VPULL-SCALE = 1 0.oooov - 2.44 mV = 9.9976V. Full-scale 
error is adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic; If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 



b) Shifting FS adjust to pass 
best straight line test 
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Application Hints 

1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic lev- 
el convention of the input control signals allow the DACs to 
be treated as a typical memory device or I/O peripheral with 
no external logic required in most systems. Essentially 
these DACs can be mapped as a two-byte stack in memory 
(or I/O space) to receive their 12 bits of input data in two- 
successive 8-bit data writing sequences. The DAC1230 se- 
ries is intended for use in systems with an 8-bit data bus. 
The DAC1208 series provides all 12 digital input lines which 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directly from a 16-bit data bus. 


All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TIL voltage level 
compatibility independent of the applied Vcc to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To pre- 
vent damage to the chip from static discharge, all unused 
digital inputs should be tied to Vcc of ground. As a trouble- 
shooting aid, if any of the digital inputs are inadvertently left 
floating, the DAC will interpret the pin as a logic “V. 
Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching R- 
2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 1 and 2 show the internal data regis- 
ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shown in sections 1.1, 1.2 
and 1.3 for three possible control modes. The method used 
depends strictly upon the particular application. 



FIGURE 1. DAC1208, DAC1209, DAC1210 Functional Diagram 



FIGURE 2. DAC1230, DAC1231, DAC1232 Functional Diagram 
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Application Hints (Continued) 

1.4 Left-Justified Data Format 

It is important to realize that the input registers of these 
DACs are arranged to accept a left-justified data word from 
the microprocessor with the most significant 8 bits coming 
first (Byte 1 ) and the lower 4 bits second. Left justification 
simply means that the binary point is assumed to be located 
to the left of the most significant bit. Figure 3 shows how the 
12 bits of DAC data should be arranged in 2 8-bit registers 
of an 8-bit processor before being written to the DAC. 


1.6 Flow-Through Operation 

Through primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DACs can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary updown counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Interface Timing 



1.5 16-Blt Data Bus Interface 

The DAC1208 series provides all 12 digital input lines to 
permit a direct parallel interface to a 16-bit data bus. In this 
instance, double buffering is not always necessary (unless a 
simultaneous updating of several DACs or a data transfer 
via an external strobe is desired) so the 1 2-bit DAC register 
can be wired to flow-through whereby its Q outputs aiways 
reflect the state of its D inputs. The external connections 
required and the timing diagram for this single buffered ap- 
plication are shown in Figure 4. Note that either left or right- 
justified data from the processor can be accommodated 
with a 1 6-bit data bus. 



6 
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Application Hints (Continued) 

Only the DAC1208, DAC1209, DAC1210 d evic e s can have 
all 12 inputs flow-through. Simply grounding CS, WR1, WR2 
and XFER and tying Byte 1 /Byte 2 high allows both internal 
registers to follow the applied digital inputs (flow-through) 
and directly affect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO-DACs into system ROM 
space to allow more efficient use of existing address decod- 
ing hardware. The DAC in effect could share the same ad- 
dresses of any number of ROM locations. The ROM outputs 
will only be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC will only accept data 
that is written to the same address (gated by the system 
WRITE strooe). 

The Byte 1 /Byte 2 control function can easily be generated 
by the processor’s least significant address bit (AO) by plac- 
ing the DAC at two consecutive address locations and utiliz- 
ing double-byte WRITE instructions which automatically in- 
crement or decrement the address. The CS and XFER sig- 
nals would then be decoded from the remaining address 
bits. Care must be taken in selecting the actual address 
used for Byte 1 of the DAC to prevent a carry (as a result of 
incrementing the address for Byte 2) from propagating 
through the addr ess w ord and changing any of the bits de- 
coded for CS or XFER. Figure 5 shows how to prevent this 
effect. 


The same problem can occur from a borrow when an auto- 
decremented address is used; but only if the processor’s 
address outputs are inverted before being decoded. 

1.8 Control Signal Timing 

When interfacing these MICRO-DACs to any microproces- 
sor, there are two important time relationships that must be 
considered to insure proper operation. The first is the mini- 
mum WR strobe pulse width which is specified as 320 ns for 
Vcc= 1 1.4\/ to 15.75V and operation over temperature, but 
typically a pulse width of only 250 ns is adequate. A second 
consideration is that the guaranteed minimum data hold 
time of 90 ns should be met or erroneous data can be 
latched. This hold time is defined as the length of time data 
must be held valid on the digital inputs after a qualified (via 
CS) WR strobe makes a low to high transition to latch the 
applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum Wr pulse 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 6 for an 
exemplary system which provides a 250 ns WR strobe time 
with a data hold time of only 10 ns. 


Address Bits 

15 2 

1* 

0** 

V ^ / 

Decoded to 

0 

1 

Address DAC 

1 . 

0 


•starting with a 0 prevents a carry on address incrementing. 
•'Used as Byte 1/Byte2 Control 


SYSTEM 

WRITE STROBE ‘ 



SYSTEM 
WRITE STROBE 


NORMAL . 

WRITE STROBE 
(250 ni) 


-SYSTEM DATA NOLO TIME (lOnt) 


(OUTPUT OF 
ONE'SHOTI 


- DACWR - 
PULSE WIDTH 
(350 n>) 


-f- — DAC H 

DATA HOLD TIME 
(150 ni) 


FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 


The proper data set-up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus for 
the duration of the DAC WR strobe. 

1.9 Digital Signal Feedthrough 

A typical digital/microprocessor is a tremendous potential 
source of high frequency noise which can be coupled to 
sensitive analog circuitry. The fast edges of the data and 
address bus signals generate frequency components of 
10’s of megahertz and may cause fast transients to appear 
at the DAC output, even when data is latched internally. 

In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 
easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its feedback capacitor. 


In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. In this event, 
digital signals can be completely isolated from the DAC cir- 
cuitry, by the use of a DM74LS374 latch, until a valid CS 
signal is applied to update the DAC. This is shown in Figure 
7. 

A single TRI-STATE® data buffer such as the DM81 LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard- 
ware for a multiple DAC analog output card. Pull-up resis- 
tors are used on the buffer outputs to limit the impedance at 
the DAC digital inputs when the card i s not selected. A 
unique feature of this card is that the DAC XFER strobes are 
controlled by the data bus. This allows a very flexible update 
of any combination of analog outputs via a transfer word 
which would contain a zero in the bit position assigned to 
any of the DACs required to change to a new output value. 


SYSTEM 

WRSTROSE 
XFER FROM 
ADDRESS 
DECODER 
ADDRESS SIT 0 
LOW FOR BYTE 1 
HIGH FOR BYTE 2 



FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 
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Application Hints (Continued) 


2.0 ANALOG APPLICATIONS 

The analog output signal for these DACs is derived from a 
conventional R-2R current switching ladder network. A de- 
tailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output louTi Pfo- 
vides a current directly proportional to the product of the 
applied reference voltage and the digital input word. A sec- 
ond output, louT2 will be a current proportional to the com- 
plement of the digital input. Specifically: 

I = D ■ 

15k ^ 4096’ 

I - ^REF 4095 - D 

15k ^ 4096 

where D is the decimal equivalent of the applied 12-bit bina- 
ry word (ranging from 0 to 4095), Vref is the voltage ap- 
plied to the Vref terminal and 15 kft is the nominal value of 
the internal resistance, R, of the R-2R ladder. 

2.1 Obtaining a Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential (0 
Vdc) as possible. With Vref= + 10V every millivolt appear- 
ing at either Iquti or louT2 will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 9. 


The inverting input of the op amp is a virtual ground created 
by the feedback from its output through the internal 1 5 kn 
resistor, RFb- All of the output current (determined by the 
digital input and the reference voltage) will flow through RFb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of Vref thus causing 
loUTi to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to Iqliti ^ ^Fb is the opposite polarity of the ref- 
erence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to + 10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor; the output voltage is always less than the applied refer- 
ence voltage. The Vref terminal of the device presents a 
nominal impedance of 1 5 kn to ground to external circuitry. 
Always use the internal RFb resistor to create an output 
voltage since this resistor matches (and tracks with temper- 
ature) the value of the resistors used to generate the output 
current (louTi)- 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FETtm op amps are highly recommended for use 
with these DACs because of their very low input current. 


FUll'SCAlE ADJUST 




OVcc 
Vqs adjust 

(ZERD ADJUSTMENT) 


VOUT = “COUTI ^ Rpb) 

^ -Vref(D) 

4096 

for 0 ^ D S 4095 


FIGURE 9. Unipolar Output Configuration 
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Application Hints (Continued) 

Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, Rpb, and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc In Figure 9, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

2.1.1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near 0 Vdc as possible. 
This is accomplished by shorting out Rpb. the amplifier feed- 
back resistor, and adjusting the vqs nulling potentiometer of 
the op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if louTt 's 
driving the op amp (all ones for louT 2 )- The short around 
Rpb is then removed and the converter is zero adjusted. 

A unique feature of this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of how close the value of the 


internal feedback resistor, Rpb. matches the R-2R ladder 
resistors. A negative gain error indicates that Rpb is a small- 
er resistance value than it should be. To adjust this gain 
error, some resistance must always be added in series with 
Rpb- The son potentiometer shown is sufficient to adjust 
the worst-case gain error for these devices. 

2.2 Bipolar Output Voltage from a Fixed Reference 

The addition of a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in effect, gives sign significance to the MSB of 
the digital input word to allow two quadrant multiplication of 
the reference voltage. The polarity of the reference can also 
be reversed to realize full 4-quadrant multiplication. This cir- 
cuit is shown in Figure, 10. 

This configuration features several improvements over ex- 
isting circuits for a bipolar output shown with other multiply- 
ing DACs. Only the offset voltage of amplifier 1 affects the 
linearity of the DAC. The offset voltage error of the second 
op amp (although a constant output error) has no effect on 
linearity. In addition, this configuration offers a non-interac- 
tive positive and negative full-scale calibration procedure. 


(+fUlL.SCALE 



for 0 <: D ^ 4095 


Input Code 

MSB LSB 

Ideal Vqut 

+ Vref 

-Vref 

111111111111 

Vref -1 LSB 

-|VrefI +1 LSB 

110000000000 

Vref/2 

“|Vref|/2 

100000000000 

0 

0 

011111111111 

-1 LSB 

-f-1 LSB 

001111111111 


+ 1 LSB 

000000000000 

-Vref 

+ |VrefI 


FIGURE 10. Bipolar Output Voltage Configuration 
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High Current Controller 


5V-MV 



8-Bit Course, 4-Bit Vernier DAC 
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National 

Semiconductor 


PRELIMINARY 


DAC1218, DAC1219 12-Bit Binary Multiplying D/A 
Converter 


General Description 


The DAC1218 and the DAC1219 are 12-bit binary, 4-quad- 
rant multiplying D to A converters. The linearity, differential 
non-linearity and monotonicity specifications for these con- 
verters are all guaranteed over temperature. In addition, 
these parameters are specified with standard zero and full- 
scale adjustment procedures as opposed to the impractical 
best fit straight line guarantee. 

This level of precision is achieved though the use of an 
advanced silicon-chromium (SiCr) R-2R resistor ladder net- 
work. This type of thin-film resistor eliminates the parasitic 
diode problems associated with diffused resistors to allow 
the applied reference voltage to range from -25V to 25V, 
independent of the logic supply voltage. 

CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and mini- 
mize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible input 
threshold voltages over the full operating supply voltage 
range. 

The DAC1218 and DAC1219 are direct replacements (or 
theAD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter to 
a microprocessor bus is desirable, the DAC1208 and 
DAC1230 series eliminate the need for additional interface 
logic. 


Features 

B Linearity specified with zero and full-scale adjust only 
■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

B Works with ±10V reference — full 4-quadrant multiplica- 
tion 

B All parts guaranteed 12-bit monotonic 


Key Specifications 

B Current Settling Time 
B Resolution 
B Linearity (Guaranteed 
over temperature) 

□ Gain Tempco 
B Low Power Dissipation 
B Single Power Supply 


1 fiS 

12 Bits 
12 Bits (DAC1218) 
11 Bits (DAC1219) 
1.5 ppm/°C 
20 mW 
5 Vqc to 15 Vqc 


Typical Application 


son 

FULL-SCALE 

ADJUST 



Connection Diagram 


Dual-ln-LIne Package 




_ /'A1 A2 A3 A12\ 

VOUT- -VREF(^Y + y + -^+ 

where; AN = 1 if digital input is high 
AN = 0 if digital input is iow 



Order Number DAC1218LD, DAC1218LCD, 
DAC1219LD or DAC1219LCD 
See NS Package D18A 
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Absolute Maximum Ratings (Notes i and 2 ) 

Operating Ratings 



Supply Voltage (Vcc) 

17 Vdc 

Temperature Range 




Voltage at Any Digital Input 

Vcc to GND 

DAC1218LD, DAC1219LD 

-55'’C to +125'’C 

Voltage at Vref Input 

±25V 

DAC1218LCD, DAC1219LCD 

-40“Cto +85°C 

Storage Temperature Range 

-65°Cto +150°C 

Range of Vcc 


5 Vdc to 16 Vdc 

Package Dissipation at Ta = 25°C (Note 3) 500 mW 

Voltage at Any Digital Input 

Vcc to GND 

DC Voltage Applied to Iqliti or louT 2 - 1 00 mV to Vcc 






(Note 4) 







Lead T emperature (Soldering, 1 0 seconds) SOO^C 






Electrical Characteristics 






Ta=25°C, Vref= 10.000 Vqc. Vcc=11-4 Vdc 1o 15.75 Vqc unless otherwise noted. 




Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Notes 

Resolution 


12 

12 

12 

Bits 


Linearity Error 

Zero and Full-Scale 





^5 

(End Point Linearity) 

Adjusted 

'rMIN<TA<TMAX 





6 


— 1 0V ^ Vref ^ 1 ov 

DAC1218 



0.012 

% of FSR 

5 


DAC1219 



0.024 

% of FSR 


Differential Non-Linearity 

Zero and Full-Scale 





4, 7 


Adjusted 

Tmin<Ta<Tmax 





6 


— 1 ov ^ Vref ^ 1 ov 

DAC1218 



0.012 

% of FSR 

5 


DAC1219 



0.024 

% of FSR 


Monotonicity 

'rMIN<TA<TMAX 





4,6 


-IOV^Vref^IOV 

12 

12 

12 

Bits 

5 

Gain Error 

Using Internal Rfp 
-IOV^Vref^IOV 


-0.01 

0.0 

% of FSR 

5,7 

Gain Error Tempco 

TMIN<'rA<‘rMAX 





6,7 


Using Internal RFb 


±1.3 

±6.0 

ppm of FS/°C 

9 

Power Supply Rejection 

All Digital Inputs High 


±3.0 


ppm of FSR/V 


Reference Input Resistance 


10 

15 

20 

kn 

imiii 

Output Feedthrough Error 

Vref = 1 20 Vp-p, f = 1 00 kHz 

All Data Inputs Low 


3 


mVp-p 



D Package 


3 


mVp-p 

8 

Output Capacitance 

All Data Inputs Iqliti 

■HB 

200 


pF 



High louT 2 


70 


PF 



All Data Inputs Iquti 


70 


pF 



Low l0UT2 


200 


pF 


Supply Current Drain 

Tmin^Ta^Tmax 


1.2 

2.0 

mA 

6 

Output Leakage Current 

-40°Cto -t-85''C 





6, 10 

•OUTI 

All Data Inputs Low 



10 

nA 


IOUT2 

All Data Inputs High 



10 

nA 


Output Leakage Current 

-55'’Cto -l-125'’C 






l0UT1 

All Data Inputs Low 



100 

nA 


IOUT2 

All Data Inputs High 



100 

nA 


Digital Input Threshold 

Tmin^Ta^Tviax 

Low Threshold 



0.8 

Vdc 

6 


High Threshold 

2.0 



Vdc 


Digital Input Currents 

Tmin^Ta^Tmax 

Digital Inputs <0.8V 


-50 

-200 

fAdc 

6 


Digital Inputs >2.0V 


0.1 

10 

fAdc 


ts Current Settling Time 

Rl = lOOn, Output Settled 
to 0.01 %, All Digital Inputs 
Switched Simultaneously 

■ 


■ 




6-236 



















































Electrical Characteristics Notes 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety ol the device cannot bo guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iquti 3rid Iout2 must go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vqs ^ Vref- For 
example, if Vref= 10V then a 1 mV offset, Vqs, on Iqliti or louT2 will introduce an additional 0.01% linearity error. 

Note 5: Guaranteed at Vref " ^10 Vqc and Vref = i 1 Vqc. 

Note 6: Tmin= -40”C and Tmax = 85”C for "LCD" suffix parts. 

Note 7: The unit FSR stands lor full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
Vref value to indicate the true performance of the part. The Linearity Error specification ol the DAC1218 is 0.012% of FSR. This guarantees that after performing a 
zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref of a straight line which passes through zero and full- 
scale. The unit ppm of FSR (parts per million ol full-scale range) and ppm of FS (parts per million ol full-scale) are used for convenience to define specs of very 
small percentage values, typical ol higher accuracy converters. 1 ppm ol FSR = Vref/ 10® is the conversion factor to provide an actual output voltage quantity. For 
example, the gain error tempco spec of ±6 ppm of FS/'C represents a worst-case full-scale gain error change with temperature from -40°C to -i-85“C of 
± (6 )(Vref/ 1 06)(1 25’C) or ± 0.75 (1 0 " 3) Vref which is ± 0.075% of Vref- 

Note 8: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid iSi left floating the feedthrough is typically 6 mV. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 10 nA leakage current with RFb=20k and Vref= 10V corresponds to a zero error of (lOx 10"9x20x 103)x 100% 10V or 0.002% of FS. 


Typical Performance Characteristics 

Digital Input Threshold 
vs Vcc 



1.2 Ta*26°C 

.. Ta-Wc 


a s 10 IS 

Vcc - SUPPLY VOLTAGE IV) 

Gain and Linearity Error 
Variation vs Temperature 



Digital Input Threshold vs 
Temperature 



1 





C" 

5V| 

' 


::: 











_J 




-35 -15 5 25 45 65 85 

Ta - ambient temperature Pci 

Gain and Linearity Error 
Variation vs Supply Voltage 

ALINEARITY ERROR 


-55 -35 -15 5 25 45 65 85 t05 125 

Ta - AMBIENT TEMPERATURE TCI 


Vcc -SUPPLY VOLTAGE (Vdc) 


Definition of Package Pinouts 

A1 and A12: Digital Inputs. A12 is the least significant digital 
input (LSB) and A1 is the most significant digital input 
(MSB). 

louTi: DAC Current Output 1. Iquti 's a maximum for a 
digital input of all 1s, and is zero for a digital input of all Os. 
louT 2 i DAC Current Output 2. Iout2 's a constant minus 
Iquti. or Iquti + Iout2 = constant (for a fixed reference 
voltage). 

Rpb: Feedback Resistor. The feedback resistor is provided 
on the 1C chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 


(not an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and tracks these 
resistors over temperature. 

Vref: Reference Voltage Input. This input connects to an 
external precision voltage source to the internal R-2R lad- 
der. Vref can be selected over the range of 10V to -10V. 
This is also the analog voltage input for a 4-quadrant multi- 
plying DAC application. 

Vcc: Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Vqc to 15 Vpc- Operation is 
optimum for 15 Vqc. 

GND: Ground. This is the ground for the circuit. 
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Definition of Terms 


Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1218 has 212 or 4096 steps and therefore 
has 12-bit resolution. 

Linearity Error: Linearity error in the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 


Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ±1/2 LSB of the final output value. 
Full-scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1218 full-scale is VreF“ 1 LSB. For 
Vref=10V and unipolar operation, VpuLL- 
SCALE=''0-OOOOV-2.44 mV = 9.9976V. Full-scale error is 
adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 




a) End point test after zero 
and FS adjust 


b) Shifting FS adjust to 
pass best straight line 
test 
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Application Hints 


The DAC1218 and DAC1219 are pin-for-pin compatible with 
the DAC1220 series but feature 12 and 11-bit linearity 
specifications. To preserve this degree of accuracy, care 
must be taken in the selection and adjustments of the out- 
put amplifier and reference voltage. Careful PC board 
layout is important, with emphasis made on compactness 
of components to prevent inadvertent noise pickup and 
utilization of single point grounding and supply 
distribution. 

1.0 BASIC CIRCUIT DESCRIPTION 

Figure 1 illustrates the R-2R current switching ladder net- 
work used in the DAC1218 and DAC1219. As a function of 
the logic state of each digital input, the binarily weighted 
current in each leg of the ladder is switched to either Iq^j, 
Of louT 2 - The voltage potential at Iquti and Iqutz must be at 
zero volts to keep the current in each leg the same, inde- 
pendent of the switch state. 

The switches operate with a small voltage drop across 
them and can therefore conduct currents of either polari- 
ty. This permits the reference to be positive or negative, 
thereby allowing 4-quadrant multiplication by the digital 
input word. The reference can be a stable DC source or a 
bipolar AC signal within the range of ± 10V, for specified 
accuracy, with an absolute maximum range of ± 25V. The 
reference can also exceed the applied Vqq of the DAC. 

The maximum output current from either loyj, or Iqutz 's 
equal to 


VREF{max) / 4095 


where R is the specified reference input resistance 
(typically 15 kfi). A high level on any digital input steers cur- 
rent to Iquti s^cl a low level steers current to Iout 2 ' 


2.0 CREATING A UNIPOLAR OUTPUT VOLTAGE (A 
DIGITAL ATTENUATOR) 

To generate an output voltage quantity and keep the 
potential at the current output terminals at OV, an op amp 
current to voltage converter is used. As shown in Figure 2, 
the current from Iquti flows through the feedback resistor 
forcing a proportional voltage at the amplifier output. The 
voltage at Iquti is held at a virtual ground potential. The 
feedback resistor is provided on the chip in conjunction 
with Iquti and should always be used as it matches and 
tracks the R value of the R-2R ladder. The output voltage is 
the opposite polarity of the applied reference voltage. 

2.1 Amplifier Considerations 

To maintain linearity of the output voltage with changing 
digital input codes the input offset voltage of the amplifier 
must be nulled. The resistance from Iquti ground 
(R|outi) varies non-linearity with the applied digital code 
from the min of R with an all ones input to near » with an 
all zeros code. Any offset voltage between the amplifier in- 
puts appears at the output with a gain of 


Since R|Qy.r.i varies with the input code, any offset will 
degrade output linearity. (See Note 4 of Electrical 
Characteristics.) 

If the desired amplifier does not have offset balancing 
pins available (it could be part of a dual or quad package) 
the nulling circuit of Figure 3 can be used. The voltage at 
the non-inverting input will beset to --Vqs initially to force 
the inverting input to OV. The common technique of sum- 
ming current into the amplifier summing junction cannot 
be used as it directly introduces a zero code output current 
error. 


VREpiN R 



Note; Switches shown in digital high state. 


FIGURE 1. The R-2R Current Switching Ladder Network 
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Application Hints (Continued) 


FULL-SCALE 

ADJUST 



AN = 0 if digital input is low 


FIGURE 2. Unipolar Output Voltage 



FIGURE 3. Zeroing an Amplifier Which Does Not Have Baiancing Provisions 


The selected amplifier should have as low an input bias 
current as possible since it too contributes to the current 
flowing through the feedback resistor. BI-FET™ op amps 
such as the LF356 or LF351 or bipolar op amps with super 
iJ input transistors like the LM11 or LM308A produce 
negligible errors. 

2.2 Zero and Full-Scale Adjustments 

The fundamental purpose is to make the output voltage as 
nearO Vocas possible. This is accomplished in the circuit 
of Figure 2 by shorting out the amplifier feedback resist- 
ance, and adjusting the Vqs nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
course, with an applied digital input of all zeros if Iquti 's 
driving the op amp (all ones for Iquiz)- The feedback short 
is then removed and the converter is zero adjusted. 

A unique characteristic of these DACs is that any full- 
scale or gain error is always negative. This means that for 
a full-scale input code the output voltage, if not inherently 
correct, will always be less than what it should be. This in- 
sures that adding resistance in series with the internal 
feedback resistor, Rp^,, will always correct for any gain 
error. The 50n potentiometer in Figure 2 is all that is 
needed to adjust the worst case DAG gain error. 

Conversion accuracy is only as good as the applied refer- 
ence voltage, so providing a stable source over time and 
temperature is an important factor to consider. 


2.3 Output Settling Time 

The output voltage settling time for this circuit in response 
to a change of the digital input code (a full-scale change is 
the worst case) is a combination of the DAC output current 
settling and the settling characterstics of the output 
amplifier. The amplifier settling is further degraded by a 
feedback pole formed by the feedback resistance and the 
DAC output capacitance (which varies with the digital 
code). First order compensation for this pole is achieved 
by adding a feedback zero with capacitor Cc shown in 
Figure 2. 

In many applications output response time and settling is 
just as important as accuracy. It'can be difficult to find a 
single op amp which combines excellent DC characteris- 
tics (low Vqs, Vqs drift and bias current) with fast response 
and settling time. BI-FET™ op amps offer a reasonable 
compromise of high speed and good DC characteristics. 
The circuit of Figure 4 illustrates a composite amplifier 
connection which combines the speed of a BI-FET™ 
LF351 with the excellent DC input characteristics of the 
LM11. If output settling time is not so critical, the LM11 can 
be used alone. 

Figure 5 is a settling time test circuit for the complete 
voltage output DAC circuit. The circuit allows the settling 
time of the DAC amplifier to be measured to a resolution of 
1 mV out of a zero to ± 10V full-scale output change on an 
oscilloscope. Figure 6 summarizes the measured settling 
times for several output amplifiers and feedback compen- 
sation capacitors. 
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Application Hints (Continued) 


3.0 OBTAINING A BIPOLAR OUTPUT VOLTAGE FROM A 
FIXED REFERENCE 

The addition of a second op amp to the circuit of Figure 2 
can generate a bipolar output voltage from a fixed 
reference voltage (Figure 7). This, in effect gives sign 
significance to the MSB of the digital input word to allow 
two quadrant multiplication of the reference voltage. The 
polarity of the reference voltage can also be reversed to 
realize full 4-quadrant multiplication. 

The output responds in accordance to the following 
expression: 

Vo = Vref ( \ 0<D<4095 
\ 2048 / 


where D is the decimal equivalent of the true binary input 
word. This configuration inherently accepts a code (half- 
scale or D = 2048) to provide OV out without requiring an 
external 1/2 LSB offset as needed by other bipolar 
multiplying DAC circuits. 

Only the offset voltage of amplifier A1 need be nulled to 
preserve linearity. The gain setting resistors around A2 
must match and track each other. A thin film, 4-resistor 
network available from Beckman Instruments, Inc. (part 
no. 694-3-R10K-D) is ideally suited for this application. 
Two of the four resistors can be paralleled to form R and 
the other two can be used separately as the resistors 
labeled 2R. 

Operation is summarized in the table below: 


MSB 




Applied 
Digital Input 




LSB 

Decimal 

Equivalent 

+ Vref 

VOUT 

-Vref 

1 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

4095 

Vref-1 LSB 

- I^refI +1 LSB' 

1 

1 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

3072 

Vref/2 

- I Vref I /2 

1 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

2048 

0 

0 

0 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

2047 

-1 LSB 

-Fl LSB 

0 

1 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

1024 

-Vref/2 

+ |Vref|/2 

0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

-Vref 

+ |VrefI 


|Vref 

Where 1 LSB = 

2048 


^FULL-SCALE 

ADJUST R.5k 



FIGURE 7. Obtaining a Bipolar Output from a Fixed Reference 
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Application Hints (Continued) 


3.1 Zero and Full-Scale Adjustments 

The three adjustments needed for this circuit are shown in 
Figure 7. The first step is to set ali of the digital inputs 
LOW (to force ioun to 0) and then trim “zero adjust” for 
zero volts at the inverting input (pin 2) of OA1. Next, with a 
code of all zeros still applied, adjust full-scale adjust”, 

the reference voltage, for VouT= - |(ideal VFiEF)l-Thesign 

of the output voltage will be opposite that of the applied 
reference. 

Finally, set all of the digital inputs HIGH and adjust 
“ + full-scale adjust” for Vout = Vref (51 1/512). The sign of 
the output at this time will be the same as that of the 
reference voltage. This + full-scale adjustment scheme 
takes into account the effects of the Vqs of amplifier A2 
(as long as this offset is less than 0.1 % of Vr^f) and any 
gain errors due to external resistor mismatch. 


4.0 MISCELLANEOUS APPLICATION HINTS 

The devices are CMOS products and reasonable care 
should be exercised in handling them to prevent cata- 
strophic failures due to electrostatic discharge. 

During power-up supply voltage sequencing, the negative 
supply of the output amplifier may appear first. This will 
typically cause the output of the op amp to bias near the 
negative supply potential. No harm is done to the DAC, 
however, as the on-chip 15 kt] feedback resistor sufficient- 
ly limits the current flow from Iquti when this lead is 
clamped to one diode drop below ground. 

As a general rule, any unused digital inputs should be tied 
high or low as required by the application. As a trouble- 
shooting aid, if any of the digital inputs are left floating, 
the DAC will interpret that input as a logical 1 level. 


Additional Application Ideas 


For the circuits shown, D represents the decimal equivalentof the binary digital input code. D ranges fromO (for an all zeros in- 
put code) to 4095 (for an all ones input code) and for any code can be determined from: 

D = 2048(A1) -F 1024(A2) -F 512(A2) -F ...2(A11) -F 1(A12) 
where AN = 1 if that input is high 
AN = 0 if that input is low 


DAC Controlled Amplifier 


— Vcc - O 15V 

'OUTI DAC1218 
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Additional Application Ideas (Continued) 


Offsetting the Zero Code Output Voltage 



High Current Controller 


5V-50V 
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Additional Application Ideas (Continued) 


' Cl controls maximum frequency 
' <0.5% sine wave THD over range 
' Range 30 kHz maximum 
' Linearity — DAC limit 

.(= P— 

4096 (4/3 RpbO 


DAC Controlled Function Generator 


LM3D4 1 1 > too 


' 6k > 200 >47 >47 


'AA 



FREQUENCY 

TRIM 

15V J 




Digitally Programmable Pulse-Width Generator 


INITIALIZING 

STROBE 

INPUT 



f i ^TTL OUTPUT 


I ,5V -6 9Voc 


C (7.5 V) (4096) (Rpb) 
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Introduction 


This section contains products that are designed to trans- 
mit digital data in a serial format from remote sources. 
These products can be used for TV remote control, secu- 
rity monitoring, process monitoring, or transmitting data 
that is obtained from a remote digital transducer. 

The use of CMOS processes for these products ensures 
low active power; in addition, a power saving standby 
mode is available. 



National 

Semiconductor 


PRELIMINARY 


MM58220 Asynchronous Low Power Transmitter 
Remote Controller 


General Description 


The MM58220 is a metal gate CMOS integrated circuit. 
This circuit is designed to transmit a pulse width modu- 
lated serial data stream of 18 bits. This stream consists of 
7 address bits, 1 write bit, 8 data bits, 1 parity bit, and 
1 dummy bit, in that order. The format of the data word is 
such that it is directly compatible with the MM54240 asyn- 
chronous receiver/transmitter. The serial transmission 
is initiated by a logic signal. This circuit is designed for 
low power usage. It draws less than 10 /lA in its standby 
mode. 


Applications 


The MM58220 finds applications in transmitting data from 
remote sources that have limited power supply capabili-_ 
ties. Typical applications include security monitoring. 


process monitoring, and transmitting data from a remote 
digital transducer. 


Features 

a Compatible with the MM58240 receiver/transmitter 
n Low power drain (less than 10 /jA in standby mode) 

□ Wide supply voltage range (4.0V to 15.0V) 

n On-chip oscillator based on inexpensive RC 
components 

□ Single or repetitive data word transmissions 

□ Repetitive transmissions conform to FCC standards 


Functional Block Diagram 

Connection Diagram 


Dual-ln-Llne Package 


SHIFT I 

OUT ' 


SERIAL 

PARITY 

GENERATOR 


1 

22 

2 

21 

3 

20 

4 

19 

5 

18 

6 

17 

7 

16 

8 

15 

9 

14 

10 

13 

11 

12 


Order Number MM58220J or MM58220N 
See NS Package J22A or N22A 
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National 

Semiconductor 


PRELIMINARY 


MM58250 Infrared Transmitter 


General Description 


The infrared transmitter is designed to drive an infrared 
LED (oniy one externai npn transistor is required) with 
data encoded in a puise-width-moduiated (pwm) format. 
To get a better signai-to-noise-ratio the pwm scheme 
ampiitude moduiates a 38kHz carrier. The data to be 
transmitted is input in two ways. The primary data input 
mode (MS = 1) is through a 4-by-8 singie-contact 
keyboard which is interpreted by on-chip logic. The 
second input mode (MS = 0) is the direct input mode. In 
this mode a five-bit paraiiei word and a ioad puise are 
appiied to the inputs. The five-bit word is then converted 
to the pwm format and transmitted. 

The chip is designed for battery operation, so it employs 
a number of power-saving techniques. The chip is imple- 
mented in CMOS, so the supply current required by the 
logic is low. The oscillator can be disabled, allowing the 
stand-by current to be less than IpA. Although the con- 
tinuous transmission of the data stream is possible, the 
repetition rate of the continuous transmission is re- 
stricted, and the majority of the codes transmittable are 
repeated only three times. (Twelve outputs can be re- 
peated continuously for analog functions such as 
volume and channel scanning). 


Features 

■ Up to 32 functions decoded and transmitted 

■ Single-contact scanned keyboard 

■ Low standby current (CMOS) 

■ 455kHz on-chip oscillator 

■ Wide power supply range (3V-10\/) 

■ Keyboard or direct load modes 

■ Direct load mode TTL compatible 

■ 38kHz carrier for improved signal-to-noise-ratio 

■ High current output stage 

■ Compatible with MM54251 infrared receiver 


Applications 


TV remote control transmitter 

5-bit wireless asynchronous transmitter 

Intended for use with MM54251 


















Absolute Maximum Ratings 

Voltage at Any Pin -0.3VtoVDD+0.3V 

Operating Temperature 0°Cto70®C 

Storage Temperature -65°C to 4-l50‘’C 

Package Dissipation SOOmW 

Vdd'Vss 12V 

Lead Temperature (Soldering, 10 seconds) SOO^C 

DC Current at IR Output -20 mA 


Electrical Characteristics Vdd = 3.0V to 10V, Ta = ± 0®C to 70“C unless otherwise specified. 


Typ. 


Parameter 

Vdd 

Vdd 

Vdd 

Power Supply 

Supply Voltage 

Supply Current (Active) 
Supply Current (Standby) 
Oscillator Frequency* 

IR 

Output Voltage 

Logic “0” 

Logic “1” 

IR 

Output Current 
(Note: no short-circuit 
protection) 

Input Levels 


Conditions 






Input Current 

Rq'Rbi ms 
Rr 


Input Current 


Output Current 
Cq-Ci 

Logic “1” Source 
“1” Source 
Logic “0” Sink 
“0” Sink 


Output Current 
Co/Int (Open Drain) 
Logic “1” 

Logic "0” 


ISO^jA Sink 
10mA Source 


Vdd -1.4 V 


MS = 0, 4.5<Vdd<5.5 
Direct Mode 


MS = 0, 4.5V < Vdd < 5.5V 
Direct Mode 
OV < V|N < Vdd 
V|n = 0.4V 


MS = 1, 3.0V<Vdd< 10V 
Keyboard Mode 
V|n = 0.4V 
0V<V|n<Vdd 


MS = 1 

Vdd = 3V, Vqut = Vdd” "I V 
Vdd = 10V, Vqut = Vdd” 1 V 
Vdd = 3V, Vqut = 0.4V 
Vdd = 10V, Vqut = 0.5V 


MS = 0, 4.5V < Vdd < 5.5V 

0< Vqut ^ Vdd 
Vqut = 0.4 V 
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Connection Diagram 
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Order Number MM58250N 
See NS Package N18A 

Pin Definitions 

Mode Select (MS): This pin selects between the two 
modes of the MM58250’s operation. 

MS = “0”: Parallel input mode. This mode is designed to 
allow five bits of data to be written to the MM58250 in a 
parallel fashion with all the appropriate handshaking sig- 
nals required to facilitate interfacing a microprocessor, 

MS = “1”: Keyboard input mode. Data is input from a 
keyboard configured as a matrix of four column conduc- 
tors and eight row conductors separated at each point of 
the matrix by a single contact. 

R0/-R7/: 

Keyboard Mode (MS = 1): 

Rfl/'R?/: Act as row inputs for a scanned column key- 
board. Internal to the MM58250, these are encoded such 
that if just one input is low during a scan of the column 
outputs, (see the discussion of pins Co/-C3/) a parallel-in- 
serial-out transmit buffer is loaded with the binary rep- 
resentation of the low row input and the scanning col- 
umn. (The binary number loaded is equal to the decimal 
number in the pin name, i.e. binary 5 is stored for the R5 
input.) In addition R3/-R5/ cause the MM58250 to contin- 
uously transmit the data stored in its transmit buffer 
(see Figure 6) as long as a switch closure exists. 


The divide-by-six prescaler can be by-passed by apply- 
ing a. logic “0” to Ry/ when R6/ = “1” and MS = “0”. The 
by-pass is implemented by setting an RS-flip-flop that 
controls the multiplexing of the main clock line from the ' 
output of the divide-by-six prescaler to the output of the 
oscillator, by-passing the divide-by-six prescaler. The 
RS-flip-flop is reset by the main internal reset which is 
made active at the end of the transmit cycle, begun 
before the by-pass was activated. If the MM58250 is 
waiting for a new input, switching Ry/ low will have no 
effect. 

The second special mode forces the main internal reset 
active. This causes the chip to load in new data to be 
transmitted and initializes the chip to the beginning of 
the word cycle it was currently in or in the word cycle 
folowing it, depending on where in the word cycle the 
reset occurred. If a transmit cycle has been completed 
this mode has no effect. A transmit cycle consists of 
three word cycles. If no new data is loaded, the 
MM58250 will go into its idle state within 45ms. See 
Figures 9-11 for examples of how to use these features. 

C0/-C3/: 

Keyboard Mode (MS = 1): 

CqI-C^I: These outputs are normally low when MM58250 
is waiting for a new input contact closure to occur. A 
contact closure causes the low signal on the column in- 
puts to be passed to the appropriate row input. This in- 
put going low initiates the transmit cycle. As the 
transmit cycle begins, the oscillator is enabled and 
begins to oscillate within 6ms. As soon as the oscillator 
is enabled all the column outputs are switched to the 
logic “1” state. 40.9ms later, as clocked by the on-chip 
oscillator, these outputs are individually switched to 
the logic “0” state (see Figure 5) and the row inputs are 
sampled. If the sampling of the row inputs does not 
show any of these inputs low (see Figure 6b), the 
transmit cycle is aborted. If any of the row inputs is low, 
the binary representation of the low row input and the 
binary representation of the low column output are 
stored in the transrriit buffer. If the low row input was 
Rq/, Ri/, R2/,' Ry/ the outputs C0/-C3/ all switch low, 
so internal logic can detect when all keyboard switches 
have been opened. This feature allows the MM58250 to 
terminate transmission after three iterations (see 
Figure 6a) of the output data, even when a contact 
closure exists longer than the time required to transmit 
the data three times. 


Parallel Mode (MS = 0): 

RoZ-RV: These five inputs act as a parallel, non-inverting, 
5-bit data entry path. 

Rs/'CS/: This active low input is used to latch in the data 
at the R0/-R4/ inputs, as well as beginning the transmit 
cycle. The part will continue to transmit as long as this 
input is low and continue to transmit two to three trans- 
mit cycles after the input switches to logic “1”, depend- 
ing on where (see Figures 7 and 8) in the transmit cycle 
the logic change occured. (Note: the data on R0/-R4/ 
should be held stable a minimum of 60ms.) 

ReZ-IACK: This input is used to reset the INT/ signal. It is 
active high. (See Figure 7) 

Ry/: Ry/ enables two functions that were designed to 
facilitate the testing of the MM58250 quickly that might 
prove useful to some users. 


Parallel Mode (MS=0): 

CqI-CzI: In the parallel mode only one of the column 
outputs is still used. This output is used as the Cq/ strobe 
in the keyboard mode. It is used in this mode as an active 
low processor interrupt (INT/). This output is designed to 
drive one TTL input with_a 10k pullup resistor. It is reset by 
the lACK pin. When R5/CS is a logic 1, this signal goes low 
after the last transmission is complete. 

IROUT: This is the output that provides the drive signal 
for the transmission (see Figures 3 and 4). IROUT pro- 
vides at least 10mA of current, sufficient to drive a 
single npn transistor hard enough to provide the 200mA 
of drive current for the infra-red diodes. The data is 
output in a serial mode with a start bit and a stop bit brack- 
eting the five data bits. The pwm format used has a 1 .6ms 
bit time with a 75% duty cycle for a ‘1’ and a 25% duty cy- 
cle for a ‘O’. The start and stop bits are zeros. 




Timing Specification 

Input Timing 

Microprocessor Mode 
Data Set-up Time 
Data Hold Time 
CS (minimum pulse width) 
lACK (minimum pulse width) 

Keyboard Mode 
Switch Bounce 

Output Timing 

Oscillator Start up 
(Subject to external 
components) 


Min. 

Max. 

Units 

6 


s 

50 


ms 

250 


ns 

250 


ns 


40 

ms 


9 

ms 


All of the following data is based on an oscillator fre- 
quency = 455kHz and will vary as the oscillator frequency 
varies. 


Timing Diagrams 


" 0 ” 

-16 CYCLES— 
38 kHz 


“ 1 ” 

-48 CYCLES- 
OF 38 kHz 


Figure 2. Bit Timing 


SWITCH CONTACT OR CS = “0” 

/ OSCILLATOR START-UP 0-9 ms 

/ OSCILLATOR ON 


40. 09 ms 

DEBOUNCE TIME 


■ 211 la 
SCAN TIME 


Figure 3. 1/3 Transmit Cycle 


Figure 4. Data Word 


MM58250 





Timing Diagrams (Continued) 


CO 


Cl 


COLUMN OUTPUTS* 



COLUMN SELECT TIME 





*ALL COLUMN OUTPUTS 
GO LOW IF A SWITCH 
CLOSURE IS NOT SENSEO 
OR IF ANON-CONTINUOUS 
KEY IS SENSEO. 



TL/F/6149.6 


Figure 5. Column Scan Timing 
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Transmitter Functions 


# 

1 Code 

1 Row 

I Column 

Function 

Notes 

16 

8 

4 

2 

1 

1 0 

1 

2 

3 4 

5 

6 

7 

0 

1 2 

3 

0 

0 

0 

0 

0 

0 

X 

X 

0 Direct Entry 

1 

1 

0 

0 

0 

0 

1 

X 

X 

1 Direct Entry 

1 

2 

0 

0 

0 

1 

0 

X 

X 

2 Direct Entry 

1 

3 

0 

.0 

O' 

1 

1 

X 

X 

3 Direct Entry 

1 

4 

0 

0 

1 

0 

0 

, X 

X 

4 Direct Entry 

1 

5 

0 

0 

1 

0 

1 

X 

X 

5 Direct Entry 

1 

6 

0 

0 

1 

1 

0 

X 

X 

6 Direct Entry 

1 

7 

p 

0 

1 

1 

1 

X 

X 

7 Direct Entry 

1 

8 

0 

1 

0 

0 

0 

X 

X 

8 Direct Entry 

1 

9 

0 

1 

0 

0 

1 

X 

X 

9 Direct Entry 

1 

10 

0 

1 

0 

1 

0 

X 

X 

Memory Up 

1 

11 

0 

1 

0 

1 

1 

X 

X 

On/Off 

1 

12 

0 

1 

1 

0 

0 

X 

X 

Siow Up 

2 

13 

0 

1 

1 

0 

1 

X 

X 

Slow Down 

2 

14 

0 

1 

1 

1 

0 

X 

X 

Search Up 

2 

15 

0 

1 

1 

1 

1 

X 

X 

Mute 

2 

16 

1 

0 

0 

0 

0 

X 

X 

Analog 1 Down 

2 

17 

1 

0 

0 

0 

1 

X 

X 

Analog 1 Up 

2 

18 

1 

0 

0 

1 

0 

X 

X 

Analog II Down 

2 

19 

1 

0 

0 

1 

1 

X 

X 

Analog II Up 

2 

20 

1 

0 

1 

0 

0 

X 

X 

Analog III Down 

2 

21 

1 

0 

1 

0 

1 

X 

X 

Analog III Up 

2 

22 

1 

0 

1 

1 

0 

X 

X 

Analog IV Down 

2 

23 

1 

0 

1 

1 

1 

X 

X 

Analog IV Up 

2 

24 

1 

1 

0 

0 

0 

X 

X 



25 

1 

1 

0 

0 

1 

X 

X 



26 

1 

1 

0 

1 

0 

X 

X 



27 

1 

1 

0 

1 

1 

X 

X 

Not 

1 

28 

1 

1 

1 

0 

0 

X 

X 

Defined 

29 

1 

1 

1 

0 

1 

X 

X 



30 

1 

1 

1 

1 

0 

X 

X 



31 

1 

1 

1 

1 

1 

X 

X 




Note1: Three transmissions. 

Note 2; Continuous transmission. 
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introduction 

Incorporating efficient, imaginative displays has become 
a real challenge. National Semiconductor is helping you 
stay ahead of your competitors with the widest choice of 
display drivers of any electronics manufacturer. From our 
software-compatible standard MOS/LSI family to our 
cascadable dot/bar drivers to decoders and counters, 
there is a National driver to meet your application. 

Selecting a high-quality, reliable display driver can have a 
long-term impact on any electronic system. As with all of 
our other circuits. National’s display drivers incorporate 
strict design rules, careful materials selection and proc- 
essing expertise. In addition, a rigid quality control program 
assures you of receiving drivers that prove themselves out 
in the field. 

Another major consideration In choosing a circuit is the 
ability of the supplier to come through with timely 
deliveries. As one of the world’s largest suppliers of semi- 
conductor products. National has the manufacturing 
capabiiities to consistently meet high-volume require- 
ments with fast response times and competitive prices. 
That enables your company to plan production schedules 
with confidence. 

National’s complete selection of display drivers offers you 
many options for augmenting your overall design while 
keeping costs in line. For example, we supply the 
industry’s only drivers with software compatibility. 




National 

Semiconductor 

MM5452, MM5453 Liquid Crystal Display Drivers 


General Description 


The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode 
devices. It is available in a 40-pin molded package.The chip 
can drive up to32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 
4 1/2-digit 7-segment display with minimal interface be- 
tween the display and the data source. 

The MM5452 stores the display data in latches after it is 
clocked in, and holds the data until new display data is 
received. 


Features 

□ Serial data input 
n No load signal required 


■ DATA ENABLE (MM5452) 

B Wide power supply operation 
B TTL compatibility 
B 32 or 33 outputs 

B Alphanumeric and bar graph capability 
B Cascaded operation capability 

Applications 

B COPS™ or microprocessor displays 
B Industrial control indicator 
H Digital clock, thermometer, counter, voltmeter 
B Instrumentation readouts 
B Remote displays 


Block and Connection Diagrams 


BACKPLANE BACKPLANE 
OUT IN 


DATA ENABLE (MMB452) 
OUTPUT 33 (MN15453) 
SERIAL 
OATA 


OUTPUT 3Z OUTPUT I 



Dual-ln-Line Package 


Dual-In-Line Package 


Vss 

OUTPUT BIT 17 



DATA ENABLE 
BACKPLANE IN 



FIGURE 2a Order Number MM5452D, MI\/I5453D, FIGURE 2b 
MM5452N or MM5453N 
See NS Package D40C or N40A 
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MM5452/MM5453 


Absolute Maximum Ratings 





Voltage at Any Pin 

VsstoVss + 10V Power Dissipation 


300 mW at + 70°C 

Operating Temperature 

O-Cto -f-TO-C 



350mWat -f-25°C 

. Storage Temperature 

-65° to -fISO'C Junction Temperature 


•f 150°C 


Lead Temperature (Soldering, 10 seconds) 

300 °C 

Electrical Characteristics T^ within operating range, Vod = 3.0V to 10V, Vss = 0V, unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply 


3 


10 

V 

Power Supply Current 

Exciuding Outputs 



40 



OSC = Vss, BP iN @32 Hz 

Vdd = 5V, Open Outputs, No Ciock 



10 

mA 

Clock Frequency 




500 

kHz 

Input Voltages 






Logical ‘0’ Level 

Vdd<4.75 

-0.3 


0.1 Vdd 

V 


Vdd 2:4.75 

-0.3 


0.8 

V 

Logical ‘T Level 

Vdd>5.25 

0.8 Vdd 


Vdd 

V 

' 

Vdd^5.25 

2.0 


Vdd 

V . 

Output Current Levels 






Segments 






Sink 

Vdd = 3V,Vout = 0.3V 



-20 

fiA 

Source 

Vqd = 3V, Vqut = - 0.3V 

20 



liA 

Backplane 






Sink 

Vdd = 3V,Vout = 0.3V 



-320 

mA 

Source 

Vdd = 3V,Vout = Vdd-0.3V 

320 




Output Offset Voltage 

Segment Load 250 pF 

Backplane Load 8750 pF 



±50 

mV 

Clock Input 

Frequency, fc 




500 

kHz 

Rise Time, tr 




300 

ns 

Fall Time, tf 




300 

ns 

High Time, th 

tr = tf = 50ns 

950 



ns 

Low Time, t| 


950 



ns 

Data Input 


■m 




Set-Up Time, tos 





ns 

Hold Time, ton 





ns 

Data Enable Input 






Set-Up Time, toES 


100 



ns 
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Functional Description 

The MM5452 is specifically designed to operate 4 1/2-digit 
7-segment displays with minimai interface with the display 
and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Since the MM5452 does not contain a 
character generator, the formatting of the segment infor- 
mation must be done prior to inputting the data to the 
MM5452. Using a format of a leading “1” followed by the 32 
data bits allows data transfer without an additional load 
signal. The 32 data bits are latched after the 36th clock is 
complete, thus providing non-multiplexed, direct drive to 
thedisplay.Outputschangeonly if theserial data bits differ 
from the previous time. 

A block diagra m is shown in Figure 1. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output. If the 
DATA ENABLE signal is not required, the33rd output can be 
brought out. This is the MM5453 device. 


Figure 4 shows the input data format. A start bit of logical 
“1" precedes the 32 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of 
the clock, which loads the 32 bits of the shift registers into 
the latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next 
set of data. The shift registers are static master-slave con- 
figuration. There is no clear for the master portion of the 
first shift register, thus allowing continuous operation. 

If the clock is not continuous, there must be a complete set 
of 36 clocks otherwise the shift registers will not clear. 

Figure 2a shows the pin-out of the MM5452. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 

Figure 3 shows the timing relationships between data, 
clock and DATA ENABLE. 


DATA ENABLE 
(MM5450) 



FIGURES 


m 




BIT 35 BIT 36 


LOAD 

(INTERNAL) 


RESET 
(INTERNAL) , 


FIGURE 4. Input Data Format 
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MM5452/MM5453 


Functional Description (Continued) 

Figure 5 shows a typical application. Note how the input 
data maps to the output pins and the display. The MM5452 
and MM5453 do not have format restrictions, as all outputs 


Segment Identification 


are controllable. This application assumes a specific 
display pinout. Different display/driver connection pat- 
terns will, of course, yield a different input data format. 


o 

/_/ 






si MM5453 1 28 


DATA FORMAT 
TIME ^ 

LEFT END 
DECIMAL 
POINT 


30 

31 

32 

BACKPLANE OUT 
BACKPLANE IN 


"1"| • I A1 I B1 I Cl I D1 El FI G1 • AZ B2 C2 D2 E2 I F2 I 02 • I A3 I B3 I C3 D3 E3 F3 03 


START BIT 

Consult LCD manufacturer’s data sheet for specific pinouts 


A4 I B4 i C4 I D4 E4 I F4 I 04 


FIGURE 5. Typical 4y2-Digit Display Application 
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Functional Description (Continued) 

F/gure 8 shows a four wire remote display that takes advan- 
tage of the device’s serial input to move many bits of 
display information on a few wires. 

Using an External Clock 

The MM5452, MM5453 LCD Drivers can be used with an ex- 
ternally supplied clock, provided it has a duty cycle of 50%. 


Deviations from a 50% duty cycle result in an offset voltage 
on the LCD. In F/gtvre 7, a flip flop is used to assure a50% du- 
ty cycle. The oscillator input is grounded to prevent oscilla- 
tion and reduce current consumption in the chips. The 
oscillator is not used. 


DISPLAY 



The minimum recommended value for R for the oscillator input is9 kn. An RC time constant of approximately 
4.91 X 10 " should produce a backplane frequency between 30 Hz and 150 Hz. 

FIGURE 6. Parallel Backplane Outputs 
DISPLAY 


2 X BACKPLANE 
DRIVE FREQUENCY 



FIGURE 7. External Backplane Clock 
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MM5452/MM5453 


Functional Description (Continued) 

Using an external clock allows synchronizinjg the display 
drive with AC power, internal clocks, or DVM integration 
time to reduce interference from the display. 

Figure 9 is a general block diagram that shows how the 
device’s serial input can be used to advantage in an 
analog display. The analog voltage input is compared 
with a staircase voltage generated by a counter and a 
digital-to-analog converter or resistor array. The result of 
this comparison is clocked into the MM5452, MM5453. 


The next clock pulse increments the staircase and clocks 
the new data in. 

With a buffer amplifier, the same staircase waveform can 
be used for many displays. The digital-to-analog con- 
verter need not be linear; logarithmic or other non-linear 
functions can be displayed by using weighted resistors 
or special DACs. This system can be used for status in- 
dicators, spectrum analyzers, audio level and power 
meters, tuning indicators, and other applications. 


DATA 

CLOCK 

V“ 


DISPLAY 



III a CI O 

U.U.U.U 



BACKPLANE 



i M 




Vnn BP OUT BP IN 

DATA IN 

CLOCK IN ,, 

VSS OSC IN 

BYPASS — 
CAPACITOR — 

+ 






i L 




R 




TL/F/6137-9 

FIGURE 8. Four Wire Remote Display 


LCD BAR GRAPH DISPLAY 


COUNT 

CLOCK 



Data Is high until stalrcase>lnput 


FIGURE 9. Analog Display 
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National 

Semiconductor 


l\/IM5483 Liquid Crystal Display Driver 


General Description 


The MM5483 is a monolithic integrated circuit utilizing 
CMOS metal-gate low-threshold enhancement mode 
device^. It is available In a 40-pin molded package. The 
chip can drive up to 31 segments of LCD and can be cas- 
caded to increase this number. This chip is capable of 
driving a 4 ^/ 2 -digit 7-segment display with minimal inter- 
face between the display and the data source. 

The MM5483 stores the display data in latches after it is 
latched in, and holds the data until another load pulse is 
received. 

Features 

B Serial data input 
B Serial data output 


■ Wide power supply operation 
B TTL compatibility 

B 31 segment outputs 

■ Alphanumeric and bar graph capability 
B Cascade capability 

Applications 

B COPS™ or microprocessor displays 

■ Industrial control indicator 

B Digital clock, thermometer, counter, voltmeter 
B Instrumentation readouts 
B Remote displays 


Block and Connection Diagrams 


PACKPLANE BACKPLANE 

OUT IN OUTPUT 31 OUTPUT 1 



Figure 1. 


Vss- 

OUTPUT BIT 16- 
OUTPUT BIT 15- 
OUTPUT BIT 14- 
OUTPUT BIT 13- 
OUTPUT BIT 12- 
OUTPUT BIT 11 - 
OUTPUT BIT 10- 
OUTPUT BIT 9 - 
OUTPUT BIT 8- 
OUTPUT BIT 7- 
OUTPUT BIT 6 - 
OUTPUT BIT 5 - 
OUTPUT BIT 4 - 
OUTPUT BIT 3- 
OUTPUT BIT 2 - 
OUTPUT BIT 1 - 
OATA OUT - 
OSC IN- 
VOD- 


al-in-Line Packa 

■ 1 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

MM5483 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


TOP VIEW 

Figure 2. 
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- OUTPUT BIT 17 
-OUTPUT BIT 18 
-OUTPUT BIT 19 
-OUTPUT BIT 20 
-OUTPUT BIT 21 
-OUTPUT BIT 22 
-OUTPUT BIT 23 
-OUTPUT BIT 24 
-OUTPUT BIT 25 
-OUTPUT BIT 26 
-OUTPUT BIT 27 
-OUTPUT BIT 28 
-OUTPUT BIT 29 
-OUTPUT BIT 30 
-OUTPUT BIT 31 
-LOAD 

-BACKPLANE IN 
-BACKPLANE OUT 
-DATA IN 
-CLOCK IN 


Order Number MM5483N 
See NS Package N40A 
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MM5483 


Absolute Maximum Ratings 


Voltage at Any Pin 
Operating Temperature 
Storage Temperature 


Vss to Vss +10V 
-40°Cto +85'’C 
-eS'Cto +150°C 


Power Dissipation 300mWat+85°C 

350mW at +25‘’C 

Junction Temperature +150‘’C 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Eiectricai Characteristics Ta within operating range, Vdd = 3.0V to 10V, Vss = 0V, unless 

otherwise specified. 


Parameter 

Power Supply 
Power Supply Current 


Clock Frequency 

Input Voltage Levels 
Logic “0” 

Logic “1” 

. Logic “0” 

Logic “1” 

Output Current Levels 

Segments and Data Out 
Sink 
Source 

BPOUT 

Sink 

Source 

Output Offset Voltage 


Conditions 


R = 1M, C = 470pF, 
Outputs Open 
Vdd = 3.0V 
Vdd = 5.0V 
Vdd = 10.0 V 

OSC = 0V, Outputs Open, 
BPiN = 32Hz, Vdd = 3.0V 

Vdd = 3.0V 
Load, Clock, Data 
Vdd = 5.0V 
Vdd = 5.0V 
Vdd = 3.0V 
Vdd = 3.0V 


V[)D = 3.0 V, Vqut ~ 0.3 V 
Vdd = 3.0V, Vout=^2.7V 

Vdd = 3.0V, VouT = 0.3V 
Vdd = 3.0 V, Vqut = 2.7V 
Segment Load=250pF 
BP Load =8,750 pF 


AC Eiectricai Characteristics Vdd>4.7v, Vss=o. 


Symbol 

ICH 

ICL 

tr 

tf 

Ids 

Idh 

Ilw 

Iltc 

tcDO 


Clock Period High 
Clock Period Low 
Clock Rise Time 
Clock Fall Time 
Data Set-Up Before Clock 
Data Hold Time After Clock 
Minimum Load Pulse Width 
Load to Clock 
Clock to Data Valid 


Functionai Description 

A block diagram for the MM5483 is shown in Figure 1 
and a package pinout is shown in Figure 2. Figure 3 
shows a possible 3-wire connection system with a typi- 
cal signal format for Figure 3. Shown in Figure 4, the load 
input is an asynchronous input and lets data through from 
the shift register to the output buffers any time it is high. 
The load input can be connected to Vtjo for 2-wire con- 
trol as shown in Figure 5. In the 2-wire control mode, 31 
bits (or less depending on the number of segments 




used) of data are clocked into the MM5483 in a short 
time frame (with less than 0.1 second there probably will 
be no noticeable flicker) with no more clocks until new 
information is to be displayed! If data was slowly 
clocked in, it can be seen to “walk” across the display 
in the 2-wire mode. An AC timing’ diagram can be seen in 
Figure 6. It should be noted that data out is not a TTL- 
compatible output. 
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MM58201 


^National 
miM Semicon 


(Hm Semiconductor 
MM58201 Multiplexed LCD Driver 

General Description Fe< 


The MM58201 is a monolithic CMOS LCD driver capable of 
driving up to 8 backplanes and 24"segments. A 192-bit 
RAM stores the data for the display. Serial input and out- 
put pins are provided to interface with a controller. An RC 
oscillator generates the timing necessary to refresh the 
display. The magnitude of the driving waveforms can be 
adjusted with the Vtc input to optimize display contrast. 
Four additional bits of RAM allow the user to program the 
number of backplanes being driven, and to designate the 
driver as either a master or slave for cascading purposes. 
When two or more drivers are cascaded, the master chip 
drives the backplane lines, and the master and each slave 
chip drive 24 segment lines. Synchronizing the cascaded 
drivers is accomplished by tying the RC OSC pins together 
and the BP1 pins together. 

The MM58201 is packaged in a 40-lead dual-in-line 
package. 


Features 

■ Drives up to 8 backplanes and 24 segment lines 

■ Stores data for display 

■ Cascadable 

■ Low power 

■ Fully static operation 

Applications 

■ Dot matrix LCD driver 

■ Multiplexed 7-segment LCD driver 

■ Serial in/serial out memory 


Block Diagram 


Connection Diagram 



Dual-In-Line Package 



FIGURE 1. MM58201 Functional Diagram 


FIGURE 2 

Order Number MM58201D or MM58201N 
See NS Package D40C or N40A 
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Absolute Maximum Ratings 

Voltage at Any Pin Vss-0.3VtoVss+ 18V 

Operating Temperature Range 0°C to 70*0 

StorageTemperature Range -65°Cto +150°C 

Package Dissipation 500 mW 

Operating Vdd Range Vss + 7.0V to Vss + 18.0V 

LeaclTemperature(Soidering, lOseconds) 300°C 


DC Electrical Characteristics Min/max limits apply across temperature range unless otherwise noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Icc 

Ouiescent Supply Current 




0.3 

mA 

V|N(1) 

Logical "1” Input Voltage 


0.45 Vdd 


Vdd + 0.3 

V 

V|N(0) 

Logical “0” Input Voltage 


Vss -0.3 


1.0 

V 

VOUT(O) 

Logical “0” Output Voltage 

Isink = 0-6 mA 



0.4 

V 

l0UT(1) 

Logical “1” Output Leakage 
Current 

l/ouT = Vdd 

0 


±10 

/:A 

llN(1) 

Logical “1” Input Leakage 
Current 

Q 

O 

> 

II 

Z 

> 

0 


1.0 

nA 

■|N(0) 

Logical “0” Input Leakage 
Current 

V|N = Vss 

-1.0 


0 

/^A 

Vtc 

Input Voltage 


4.5 


Vdd + 0.3 

V 

Vtc 

Input Impedance 


10 


30 


ZoUT 

Output Impedance 

Backplane and Segment 
Outputs 



10 



DC Offset Voltage 

Between Any Backplane 
and Segment Output 

0 


±10 

mV 


AC Electrical Characteristics Ta and V^d within operating range uniess otherwise noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

lose 

Oscillator Frequency* 


1287, 


4007, 

Hz 

ICLKIN 

Clock Frequency 


DC 


100 

kHz 

Ion 

Clock Pulse Width 


5.0 



/*s 

lOFF 

Clock OFF Time 


5.0 



flS 

^s 

Input Data Set-Up Time 


2.0 



fiS 

Ih 

Input Data Hold Time 


1.0 



HS 

Ucc 

Access Time 


5.0 



^lS 

tr 

Rise Time 

Backplane, Segment Outputs 

Cl = 2000pF 



60 

fiS 

tf 

Fall Time 

Backplane, Segment Outputs 

Cl = 2000pF 



60 

FS 


* >) is the number of backplanes programmed. 
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MM58201 


Switching Time Waveforms 



DATA IN, CS X VALID 




Backplane Output 


Segment Output 


Vrr^ H^f H 




Functional Description 

A functional diagram of the MM58201 LCD driver is shown 
in Figure 1. A connection diagram is shown in Figure 2. 


Serial Inputs and Output 

A negative-going edge on the CS input initiates a frame. 
The CS input must then stay low for at least one rising 
edge of CLK IN, and may not be pulsed low again fojjhe 
next 31 clocks. At least one clock mus^occur while CS is 
high. If CLK IN is held at a logic “1” CS is disabled. This 
allows the signal that drives CS to be used for other pur- 
poses when the MM58201 is not being addressed. 

CLK IN latches data from the DATA IN input on Its rising 
edge. Data from the DATA OUT pin changes on the falling 
edge of CLK IN and is valid before the next rising edge. 

The first five bits of data following CS are the address bits 
(Figure 3). The address selects the column where the 
operation is to start. Bit 1 is the MSB and bit 5 is the LSB. 
The sixth bit is the read/write bit. A logic “1” specifies a 
read operation and a logic “0” specifies a write operation. 
Tne next 24 bits are the data bits. The first data bit cor- 
responds to the BP1 row of the display, the second data bit 
to the BP2 row, and so on. After the eighth and sixteenth 
data bits, the column pointer is incremented. When start- 
ing address 10110 or 10111 is specified, the column pointer 
increments from 10111 to 00000. 

During a read or write cycle, the LCD segment outputs do 
not reflect the data in the RAM. To avoid disrupting the 
pattern viewed on the display, the read or write cycle time 
should be kept short. Since the LCD turn-on time can be as 
little as 30 ms, a clock rate of at least 10 kHz would be 
required in order to address the entire contents of the RAM 


within that time interval. The formula below can be used to 
estimate the minimum clock rate: 


fcLKIN = 


(tLCD-7ts) 


where tg is the processor’s set-up time between each read 
or write cycle, and tLco is the minimum turn-on or turn-off 
time of the LCD as specified by the LCD manufacturer. 

The DATA OUT output is an open drain N-channel device to 
Vss (Figure 4). With an external pull-up this configuration 
allows the controller to operate at a lower supply voltage, 
and also permits the DATA OUT output to be wired in 
parallel with the DATA OUT outputs from any other drivers 
in the system. 

To program the number of backplanes being driven and 
the M/S bit, load address 11000, a write bit, th^ree bits for 
the number of backplanes (Table I), and the M/S bit. The re- 
maining 20 data bits will be ignored but it is necessary to 
provide 21 more clocks before initiating another frame. 

TABLE I. BACKPLANE SELECT 


Numberof 

Backplanes 

B2 

B1 

BO 

2 

0 

0 

1 

3 

0 

1 

0 

4 

0 

1 

1 

5 

1 

0 

0 

6 

1 

0 

1 

7 

1 

1 

0 

8 

1 

1 

1 
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Functional Description (Continued) 

RC OSC Pin 


This oscillator generates the timing required for multiplex- 
ing the liquid crystal display. The oscillator operates at a 
frequency that is 4r] times the refresh rate of the display, 
where tj is the number of backplanes programmed. Since 
the refresh rate should, be In the range from 32 Hz to 
100 Hz, the oscillator frequency must be: 

128>)< fosc^4007j 

The frequency of oscillation is related to the external R 
and C components in the following way; 


The value used for the external resistor should be in the 
range from 10 kn to 1 MO. 

The value used for the external capacitor should be less 
than 0.005 nF. 

Vtc Pin 

The Vjc pin is an analog Input that controls the contrast of 
the segments on the LCD. If eight backplanes are being 
driven (17 = 8), a voltage of typically 8V Is required at 25°C. 
The voltage for optimum contrast will vary from display to 
display. It also has a significant negative temperature 
coefficient. 


The voltage source on the Vyc input must be of relatively 
low impedance since the input impedance of Vjc ranges 
from 10 kO to 30 kO. A suitable circuit is shown in Figure 5. 

In a standby mode, the Vjc input can be set to Vss. This 
reduces the supply current to less than 300 fiA per driver. 

Backplane and Segment Outputs 

Connect the backplane and segment outputs directly to 
the LCD row and column lines. The outputs are designed 
to drive a display with a total ON capacitance of up to 
2000 pF. 

The output structure consists of transmission gates 
tapped off of a resistor string driven by Vjc (Figure 6). 

A critical factor in the lifetime of an LCD is the amount of 
DC offset between a backplane and segment signal. 
Typically, 50 mV of offset is acceptable. The MM58201 
guarantees an offset of less than 10 mV. 

The BP1 output is disabled when the M/S bit is set to zero. 
This allows the BP1 output from the master chiptobe con- 
nected directly to it so that synchronizing signals can be 
generated. Synchronization occurs once each refresh 
cycle, so the cascaded chips are assured of remaining 
synchronized. 


MUST RISE BY THIS POINT 



JnjHjnjnjijnjnjnjiJTjn. “ • • 


DATA IN DON'T CARE | A4 | A3 | A2 | A1 | AO | R/W | D1 | 02 | D3 | • • . . | 022 | 023 | 024 | DON'T CARE 

DATA OUT 1 D1 I 02 | 03 | . • . . | 022 | 023 | 024 | 


SI S2 S3 S4 S5 SB S7 SB S9 S10 S11 St2 S13 S14 S15 SIB S17 S18 S19 S20 S21 S22 S23 S24 


BPl 

BP2 

BP3 

BP4 

BPS 

BP6 

BP7 

BPS 













01 

D9 

017 

1 









B2 

. J 













02 

DID 

D18 










B1 

. _j 













03 

Dll 

D19 










BQ 

- A 













04 

012 

020 










M/S 
. J 











_J 


OS 

013 

021 























OB 

014 

022 






















07 

DIB 

023 






















08 

DIB 

D24 










A4 

0 

Q 

0 

0 

0 


0 

Q 

0 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1~ 

1 

1 

1 

1 

A3 

0 

0 

0 

0 

Q 


0 

0 

1 

1 

1 

1 

\ 

1 

1 

1 

0 

0 

0 

D 

0 

D 

0 

0 

1 

A2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

A1 

0 

0 

1 

1 

0 


1 

1 

0 

Q 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

AO 

0 

1 

0 

1 

Q 


Q 

1 

0 

t 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 


Diagram above shows where data will appear on display if starting address 01100 is specified in data format. tl/f/6146 6 

FIGURE 3. Data Format 
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Functional Description (Continued) 



TUFr6146-7 


FIGURE 4. DATA OUT Structure 



FIGURE 5. Typical Application 
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National 

Semiconductor 


PRELIMINARY 


MM58241 High Voltage Display Driver 


General Description 


The MM58241 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel 
devices. It Is available both in 40-pln molded dual-ln-llne 
packages or as dice. The MM58241 Is particularly suited 
for driving high voltage (60V max) vacuum fluorescent (VF) 
displays (e.g., a 32-digit alphanumeric or dot matrix 
display). 

Applications 

■ COPS™ or microprocessor-driven displays 

■ Instrumentation readouts 
□ Industrial control Indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data Input 

■ No external resistors required 

■ Wide display power supply operation 

■ TTL compatible Inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block and Connection Diagrams 


OUTPUT OUTPUT 

32 1 


Dual-ln-Line Package 



vss (OV) 
OUTPUT 17 
OUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 
OUTPUT 9 
OUTPUT B 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 
Vdis 
VoD (5V) 


1 


40 

2 


39 

3 


36 

4 


37 

5 


36 

6 


35 

7 


34 

B 


33 

9 


32 

10 

MM56241 

31 

11 


30 

12 


29 

13 


28 

14 


27 

15 


26 

16 


25 

17 


24 

IB 


23 

19 


22 

20 


21 


OUTPUT IB 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 26 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
BUNKING CONTROL 
ENABLE 
DATA OUT 
DATA IN 
CLOCK 


FIGURE 1 


FIGURE 2 

Order Number MM58241N 
See NS Package N40A 
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MM58241 


Absolute Maximum Ratings 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Junction Temperature 


Vqd + 0.3V to Vss — 0.3V 
Vooto Vod~ 60 V 
-40°Cto +85‘‘C 
-65°Cto +150‘“C 
SOOmWat +85‘’C 
+ 130‘'C 


Lead Temperature (Soldering, 10 seconds) 


+ 300“C 


DC Electrical Characteristics Ta= - 40 “cto + 85 “c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply Voltages 






Vdd 

Vss = 0V 

4.5 


5.5 

, V 

Vdis 

Vod = 5V,Vss = 0V 

-55 


-25 

' V 

Power Supply Currents 






Idd 

Vdd = 5V,Vss = 0V, 

Vqis Disconnected 



150 

nA 

•dis 

Vdd = 5V,Vss = 0V, 

, Vdis=-55V, 

All Outputs Off 



10 

mA 

Input Logic Levels 

DATA IN, CLOCK, ENABLE, BLANK 

Vss = 0V 

|H 




-Logic ‘0’ 

Vdd = 5V±0.5V 



0.8 

, V 

Logic ‘1’ 

Vdd = 4.5V 



Vdd 

V 

Logic ‘1’ 

Vdd = 5.5V 

mSSM 


Vdd 

V 

Input Currents 

DATA IN, CLOCK, ENABLE, BLANK 

Vdd = 5V± 0.5V, Vss = 0V 



10 


Input Capacitance 

DATA IN, CLOCK, ENABLE, BLANK 

Vdd = 5V± 0.5V, Vss = 0V 



15 

PF 

Data Output Impedance 

Vdd = 5V± 0.5V, Vss = 0V 





Output High 

Resistance to Vdd 



2.0 

kn 

Output Low 

Resistance to Vss 



700 

Q 

Display Output Impedances 

Vdd = 5V,Vss = 0V 





Output Off (Figure 3a) 

Vdis= -25V 

80 


400 

kO 


Vdis=-40V 

100 


550 

kfi 


Vdis= -55V 

110 


650 

' kO 

Output On (Figure 3b) 

Vdis= -25V 


2.5 

3.0 

kfi 


Vdis=-40V 


2.2 

2.7 

kn 


Vdis= -55V 


2.0 

2.5 

kn 

Display Output Leakage 

Vdd = 5.5V, Vss = 0V, 
Vdis=-55V 


10 

20 

/*A 
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AC Electrical Characteristics Ta= -40°cto +85°c, Vdd=5v±o.5v 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Clock Input 




Ml 


Frequency, fc 





kHz 

Rise Time, tr 




WSM 

ns 

Fall Time, tf , 


WM 


200 

ns 

High Time, tH 





ns 

Low Time, tt. 


Bl 



ns 

Data Input 






Set-Up Time, tos 


100 



ns 

Hold Time, ton 


100 



ns 

Enable Input 






Set-Up Time, tes 


100 



ns 

Hold Time, tEH 


100 



ns 

Data Output 






CLOCK Low to Data Out 

Time, tcoo 




500 

ns 


Note that, for timing purposes, the signais ENABLE and BLANK can be considered to be totaily independent of each other. 


Functionai Description 

This product is specificaiiy designed to drive multipiexed 
or non-muitipiexed high voitage alphanumeric or dot 
matrix vacuum fiuorescent (VF) dispiays. Character 
generation is done externaiiy in the microprocessor, with a 
seriai data path to the display driver. The MM58241 uses 
three signals, DATA IN, CLOCK and ENABLE, where 
ENABLE acts as an external load signal. Display blanking 
can be achieved by means of the BLANKING CONTROL 
input, and a logic ‘1’ will turn off all sections of the display. 
A block diagram of the MM58241 is shown in Figure 1. 


Figure 2 shows the pinout of the MM58241 device, where 
output 1 (pin 18) is equivalent to bit 1, i.e., the first bit of 
data to be loaded into the shift register following ENABLE 
high. A logic ‘1 ’ at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components can 
be achieved by use of the MM58241, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show that this output impedance will re- 
main constant for a fixed value of display voltage. 


Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58241. 

When the chip' first powers on, an internal reset is 
generated, resetting all registers and latches. The chip 
returns to normal operation on application of ENABLE, 
and so all interface signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit ac- 
cept CLOCK input signals. Data is transferred and shifted 
in the internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the 
contents of the shift registers are latched, and the display 
will show new data. During data transfer, the display will 
show old data. DATA OUT is also provided on the 
MM58241, being output on the falling edge. At any time, 
the display may be blanked under processor control, using 
the BLANKING CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58241 is used to provide the 
grid drive for a32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58248, which does not require an exter- 
nally generated load signal. 
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Functional Description (Continued) 


+ 85°C +Z5'’C TYPICAL 


[650 kn / 250 kn 


400 kn/l85 




200 400 600 800 

FIGURE 3a. Output Impedance Off 


2.2 ktl TYPICAL 

3.0 kn MAX y AT +25'C, Vdis = -40V 
AT +85°C, Vois = -25vX ^ 1.5 kn MAX 


AT -40“C, Vdis = -55V 


FIGURE 3b. Output Impedance On 


Timing Diagrams 



For the purposes of AC measurements, V|n = 2.4V, V|l=0.8V. 

FIGURE 4. Clock and Data Timings 




FIGURE 5. MM58241 Timings (Data Format) 



Typical Application 



TL/B/560O7 


FIGURE 6. Microprocessor-Controlled Word Processor 
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National 

Semiconductor 


PRELIMINARY 


MM58248 High Voltage Display Driver 


General Description 


The MM58248 is a monolithic MOS integrated circuit utiiiz- 
ing CMOS metai gate iow threshold P and N-channel 
devices. It is available both in 40-pin molded dual-in-line 
packages or as dice. The MM58248 is particularly suited 
for driving high voltage (BOV max) vacuum fluorescent (VF) 
displays (e.g., a 5 x 7 dot matrix display). 


Applications 

H COPS™ or microprocessor-driven displays 
H Instrumentation readouts 

■ Industrial control indicator 

H Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ TTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ No load signal required 


Block and Connection Diagrams 


OUTPUT OUTPUT 

35 1 


35 OUTPUT 
BUFFERS 


Dual-ln-Line Package 


w 


35-BIT I ^1 1 

SHIFT REGISTER | \ BIT 


Vss(OV) 

1 

^ 

40 

OUTPUT 17 

3 


39 

OUTPUT 16 

3 


38 

OUTPUT 15 

4 


37 

OUTPUT 14 

5 


36 

OUTPUT 13 

6 


35 

OUTPUT 13 

7 


34 

OUTPUT 11 

8 


33 

OUTPUT 10 

9 


32 

OUTPUT 9 

10 

MM58348 

31 

OUTPUTS 

11 


30 

OUTPUT 7 

13 


29 

OUTPUT 6 

13 


38 

OUTPUTS 

14 


27 

OUTPUT 4 

15 


26 

OUTPUTS 

16 


25 

OUTPUTS 

17 


24 

OUTPUT 1 

18 


23 

VdiS 

19 


22 

Vdd(5V) 

20 


21 


OUTPUT 18 
OUTPUT 19 
OUTPUT 30 
OUTPUT 31 
OUTPUT 33 
OUTPUT 33 
OUTPUT 34 
OUTPUT 35 
OUTPUT 36 
OUTPUT 37 
OUTPUT 38 
OUTPUT 39 
OUTPUT 30 
OUTPUT 31 
OUTPUT 33 
OUTPUT 33 
OUTPUT 34 
OUTPUT 35 
DATA IN 
CLOCK 


FIGURE 1 


FIGURE 2 

Order Number MM58248N 
See NS Package N40A 









Absolute Maximum Ratings 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 


Vdd + 0.3V to Vss- 0.3V 
VootoVoD — GOV 
- 40°Cto + 85°C 
-GS-Cto + 150‘’C 
SOOmWat +85°C 
+ 130°C 


+ GOOX 


DC Electricai Characteristics Ta= - 40 “cto + 85 “c 


Parameter 

Conditions 

Min 

Typ , 

Max 

Units 

Power Supply Voltages 






Vdd 

Vss = 0V 

4.5 


5.5 

V 

Vdis 

Vdd = 0V, Vss = 0V 

-55 


-25 

V 

Power Supply Currents 






•dd 

Vdd = 5V,Vss = 0V, 

Vdis Disconnected 



150 

/^A ■ 

Idis 

Vdd = 5V,Vss = 0V, 

Vdis= -55V, 

All Outputs Off 



10 

mA 

Input Logic Levels 

DATA IN, CLOCK 

Vss = 0V 





Logic ‘0’ 

Vdd = 5V± 0.5V 

Vss 


0.8 

V 

Logic ‘1’ 

Vdd = 4.5V 

2.0 


Vdd 

V 

Logic ‘1’ 

Vdd = 5.5V 

2.4 


Vdd 

V 

Input Currents 

DATA IN, CLOCK 

Vdd = 5V± 0.5V, Vss = 0V 



10 

^A 

Input Capacitance 

DATA IN, CLOCK 

Vdd = 5V ± 0.5V, Vss = 0V 



15 

PF 

Display Output Impedances 

Vdd = 5V,Vss = 0V 





Output Off (Figure 3a) 

Vdis= -25V 

80 


400 

kO 


Vdis= —40V 

100 


550 

kn 


Vdis= -55V 

110 


G50, 

kn 

Output On (Figure 3b) 

Vdis= -25V 


2.5 

3.0 

kfi 


Vdis = ~ 40V 


2.2 

2.7 

kn 


Vdis= -55V 


2.0 

2.5 

kO 

Display Output Leakage 

Vdd = 5.5V, Vss = 0V, 

Vdis= -55V 


10 

20 

fiA 
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AC Electrical Characteristics ta= - 40 ’’cto + 85 “c,vdd= 5 v±o. 5 v 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Clock Input 






Frequency, fc 




1.0 

MHz 

Rise Time, tr 




200 

ns 

Fall Time, tf 




200 

ns 

High Time, tH 


300 



ns 

Low Time, tL 


300 



ns 

Data Input 





■■ 

Set-Up Time, tos 


100 




Hold Time, ton 


100 



■ai 


Functional Description 

This product is specificaiiy designed to drive muitiplexed 
or non-muitipiexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character gener- 
ation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58248 uses 
two signals, DATA IN and CLOCK, with a format of a 
leading ‘1’ followed by the 35 data bits, hence allowing 
data transfer without an additional signal. A block 
diagram of the MM58248 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58248 device, where 
output 1 (pin 18) is equivalent to bit 1, i.e., the first bit of 


data to be loaded into the shift register following the start 
bit. A logic ‘1’ at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components can 
be achieved by the use of the MM58248, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show that this output Impedance will re- 
main constant for a fixed value of display voltage. 



TL/B/5599-3 

FIGURE 3a. Output Impedance Off 



TL/B/5599-4 

FIGURE 3b. Output Impedance On 
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Functional Description (Continued) 


Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58248. 

When the chip first powers on, an internai reset is gener- 
ated, resetting ali registers and iatches. The chip returns 
to normal operation on application of the start bit and the 
first ciock puise, and so ail interface signais shouid be in- 
active at power on. 

In Figure 5, a start bit of iogic ‘1’ precedes the 35 bits of 
data, each bit being accepted on the rising edge of 
CLOCK, i.e., a ‘0’-‘1 ’ transition. At the 36th clock, a LOAD 
signal is generated synchronously with the high state of 
the clock, thus loading the 35 bits of the shift register into 
the latches. At the low state of the clock, a RESET signal is 
generated, clearing all bits of the shift register for the next 
set of data. Hence, a complete set of 36 clock pulses is 


needed for the MM58248, or the shift register will not clear. 
If, at any given time, it is required that the display be 
cleared under microprocessor control, i.e., without power 
on reset, then the following flushing routine may be used. 
Clock in 36 ‘zeroes’, followed by a ‘one’ (start bit), followed 
by 35 ‘zeroes’. This procedure will completely blank the 
display. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58248 is used to provide the 
anode drive for a 32-diglt 5 x 7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver fam- 
ily, namely the MM58241, which has the additional 
features of a BLANKING CONTROL pin, a DATA OUT pin, 
and an ENABLE (external load signal) pin. 


Timing Diagrams 



DATA IN -it- 50% 


For the purposes of AC measurement, V|h = 2.4V, V|l = 0.8V 


FIGURE 4. Clock and Data Timings 


START START 

CLK 35 CLK CLK 1 CLK 2 CLK 3 CLK 33 CLK 34 CLK 35 CLK 


DATA IN BIT 35 / \ BIT 1 BIT 2 ^ BIT 3 


BIT 33 X BIT 34 X BIT 35 / ^ 50% 


- LOAD 
(INTERNAL) 


RESET 

(INTERNAL) 


FIGURE 5. MM58248 Timings (Data Format) 
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Typical Application 



TL/B/5599-7 


FIGURE 6. Microprocessor-Controlled Word Processor 




National 

Semiconductor 


MM58270 Display Driver 


General Description 

The MM58270 multiplex vacuum fluorescent display driver 
is a monolithic metal gate CMOS circuit with bipolar out- 
put transistors to achieve high source current drive at high 
voltage. On-chip pull-down resistors minimize external 
components. This circuit is capable of driving a 16 or 
20-digit display (40 or 44-pin package). The display font is 
14-segment (British Flag) plus comma and decimal point. 


PRELIMINARY 


Features 

B Up to 20-digit display 
■ 10 mA source current 
B Interdigit blanking 
B Digital brightness control 
B 16-segment font 
B Serial input 



Block Diagram 



TL/F/6150-2 


Font Structure 


r/ish .>. 

^ coM^y\ 


TL/F/6150-1 












Connection Diagrams 


Vss 

osc 

DATA IN 
CLK 
DP 

COMMA 

SEGr 

SEGp 

SEGn 

SEGm 

SEGk 

SEG| 

SEGh 

SEGg 

SEGf 

SEGe 

SEGd' 

SEGc 

SEGb 

SEGa 


Dual-ln-Llne Package 


Quad Package 


1 

40 

— Von 

2 

39 

— Vgb 

3 

38 

DATA IN 

4 

37 

MUX IN 

5 

36 

DIG 16 

E . 

35 

DIG 15 

7 

34 

DIG 14 

8 

• 33 

DIG 13 

S 

32 

DIG 12 

10 

31 

DIG 11 

11 

30 

DIG 10 

12 

29 

DIG 9 

13 

28 

DIG 8 

14 

27 

DIG 7 

15 

26 

DIGS 

16 

25 

DIGS 

17 

24 

DIG 4 

18 

23 

DIG 3 

19 

22 

DIG 2 

20 

21 

DIG1 



■DIGIT 


pi DIG 14 


TOP VIEW 

TUI 

Order Number MM58270N 
See NS Package N40A 


Package Information Not 
Available at This Time 
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Semiconductor 


PRELIMINARY 


MM58341 High Voltage Display Driver 


General Description 


The MM58341 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel 
devices. It is available both in 40-pin molded dual-in-line 
packages or as dice. The MM58341 is particularly suited 
for driving high voltage (35V max) vacuum fluorescent (VF) 
displays, (e.g., a 32-digit alphanumeric or dot matrix 
display) 

Applications 

■ COPS™ or microprocessor-driven displays 

■ Instrumentation readouts 
B Industrial control indicator 

O Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 
H Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ TTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block and Connection Diagrams 


OUTPUT OUTPUT 



Dual-ln-Line Package 


Vss (OV) 
OUTPUT 17 
OUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 
OUTPUT 9 
OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 
Vdis 
VdO (5V) 


1 

^ 

40 

2 


39 

3 


38 

4 


37 

5 


36 

6 


35 

7 


34 

8 


33 

9 


32 

10 

MM58341 

31 

11 


30 

12 


29 

13 


28 

14 


27 

15 


26 

16 


25 

17 


24 

18 


23 

19 


22 

20 


21 

TOP VIEW 


OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
BUNKING CONTROL 
ENABLE 
DATA OUT 
DATA IN 
CLOCK 


FIGURE 1 


FIGURE 2 


Order Number MM58341N 
See NS Package N40A 
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Absolute Maximum Ratings 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Junction Temperature 


Vdd + 0.3V to Vss- 0.3V 
VDDt0VDD-35V 
-40°Cto +85‘’C 
-65°Cto +150-0 
500mWat +85°C 
130-0 


Lead Temperature (Soldering, 10 seconds) 


300-0 


DC Electrical Characteristics Ta= - 40-0 to +85-0 


Parameter 

Conditions 

Min 

Typ 

Max 

Units ' 

Power Supply Voltages 






< 

0 

0 

Vss = 0V 

4.5 


5.5 

V 

Vdis 

Vdd = 5V,Vss = 0V 

-30 


-10 

V 

Power Supply Ourrents 






•dd 

Vdd = 5V,Vss = 0V, 

Vdis Disconnected 



150 

mA 

•dis 

Vdd = 5V,Vss = 0V, 

Vdis = -30V, 

All Outputs Off 



10 

mA 

Input Logic Levels 

DATA IN, OLOOK, 

ENABLE, BLANK 

Vss = 0V 





Logic ‘0’ 

Vdd = 5V± 0.5V 

Vss 


0.8 

V 

- Logic ‘1’ 

Vdd = 4.5V 

2.0 


Vdd 

V 

Logic ‘ 1 ’ ' 

Vdd = 5.5V 

2.4 


Vdd 

V 

Input Ourrents ■ 

DATAIN, OLOOk 

ENABLE, BLANK ■ 

Vdd = 5V± 0.5V, Vss = 0V 



10 

/lA 

Input Oapacitance 

DATAIN, OLOOK ' 

ENABLE, BLANK ' 

Vdd = 5V± 0.5V, Vss = 0V 



15 

pF 

Data Output Impedance 

Vdd = 5V± 0.5V, Vss = 0V 





Output High- 

Resistance to Vdd 



2.0 

kn 

Output Low 

Resistance to Vss 



700 

n 

Display Output Impedances 

, Vdd = 5V,Vss = 0V 



WKM 


Output Off (Figure 3a) 

Vdis= -10V 

55 



kn 


Vdis = -20V 

60 



kn 


Vdis = -30V 

65 -j 


400 

kn 

Output On (Figure 3b) 

Vdis= -10V 



650 

n 


Vdis= -20V 



600 

n 


• Vdis = -30V 


400 

500 

n ■ 

Display Output Leakage 

Vdd = 5.5V, Vss = 0V, 

Vdis= -30 V 


5 

2.0 

fiA 
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AC Electrical Characteristics Ta= - 40 “cto + 85 °c,vdd= 5 v±o. 5 v 



Parameter Conditions 


Clock Input 
Frequency, fc 
Rise Time, 
Fall Time, tf 
High Time, tn 
Low Time, 


Data Input 
Set-Up Time, tos 
Hold Time, ton 


Enable Input 
Set-Up Time, tEs 
Hold Time, tEH 


Data Output 
Clock Low to Data Out 
Time, tcDO 


Note that, for timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 


Functional Description 

This product is specifically designed to drive multiplexed 
or non-multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character 
generation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58341 uses 
three signals, DATA IN, CLOCK and ENABLE, where 
ENABLE acts as an external load signal. Display blanking 
can be achieved by means of the BLANKING CONTROL 
input, and a logic ‘1 ’ will turn off all sections of the display. 
A block diagram of the MM58341 is shown in Figure 1. 


Figure 2 shows the pinout of the MM58341 device, where 
output 1 (pin 18) is equivalent to bit 1 (i.e., the first bit of 
data to be loaded into the shift register following ENABLE 
high). A logic ‘1’ at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components 
can be achieved by use of the MM58341, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show that this output impedance will re- 
main constant for a fixed value of display voltage. 


Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58341. 

When the chip first powers on, an internal reset is gener- 
ated, resetting all registers and latches. The chip returns 
to normal operation on application of ENABLE, and so all 
interface signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1' does the circuit ac- 
cept CLOCK input signals. Data is transferred and shifted 
in the internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the 
contents of the shift registers are latched, and the display 
will show new data. During data transfer, the display will 
show old data. DATA OUT is also provided on the 
MM58341, being output on the falling edge. At any time, 
the display may be blanked under processor control, using 
the BLANKING CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58341 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58348, which does not require an exter- 
nally generated load signal. 
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Functional Description (Continued) 



FIGURE 3a. Output Impedance Off 


1.0 

^ 0.5 


Timing Diagrams 






tH » 

90% 

X^10% 

CLOCK 

i 

^50% 



■Zj 



h J 

1^ — 


DATA IN 4 

E-50% ) 

( X 


TUB/5603-5 

For the purposes of AC measurements, V|h = 2.4V, V)l = 0.8\/. 

FIGURE 4. Clock and Data Timings 




FIGURE 3b. Output Impedance On 


BLANKING 

CONTROL 


50% 




DISPLAY 

OUTPUT 



FIGURES. MM58341 Timings (Data Format) 


TL/B/5603-6 



Typical Application 



TL/B/5603-7 


FIGURE 6. Microprocessor-Controlled Word Processor 
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National 

Semiconductor 


PRELIMINARY 


IVIM58348 High Voltage Display Driver 


General Description 

The MM58348 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel 
devices. It is available both in 40-pin molded dual-in-line 
packages or as dice. The MM58348 is particularly suited 
for driving high voltage (35V max) vacuum fluorescent (VF) 
displays (e.g., a 5 x 7 dot matrix display). 

Applications 

■ COPS™ or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ TTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ No load signal required 


Block and Connection Diagrams 


DATA IN 


CLOCK 


OUTPUT OUTPUT 

3S 1 



Vss (OV) 
OUTPUT 17 
OUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 
OUTPUT 9 
OUTPUT B 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 
Vdis 
Vdd (5V) 


Dual-In-Lino Package 



I — 

C? 



— 

1 


40 

OUTPUT 18 

— 

2 


39 

OUTPUT 19 

— 

3 


38 

OUTPUT 20 

— 

4 


37 

OUTPUT 21 

— 

5 


36 

OUTPUT 22 

— 

6 


35 

OUTPUT 23 

— 

7 


34 

OUTPUT 24 

— 

8 


33 

OUTPUT 25 

— 

9 


32 

OUTPUT 26 

— 

ID 

MIVI58348 

31 

OUTPUT 27 

— 

11 


30 

OUTPUT 28 

— 

12 


29 

OUTPUT 29 

— 

13 


28 

OUTPUT 30 

— 

14 


27 

OUTPUT 31 

— 

15 


26 

OUTPUT 32 

— 

16 


25 

OUTPUT 33 

— 

17 


24 

OUTPUT 34 

— 

18 


23 

OUTPUT 35 

e 





B 




1 CLOCK 


TOP VIEW 


TLfB/5601-1 

FIGURE 1 


TL/8/5601-2 

FIGURE 2 


Order Number MM58348N 
See NS Package N40A 
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Absolute Maximum Ratings 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Junction Temperature 


Vdd + 0.3V to Vss- 0.3V 
VoDtoVoD-OSV 
-40°Cto +85°C 
-65“Cto +150‘'C 
SOOmWat +85‘’C 
130’C 


Lead Temperature (Soldering, 10 seconds) 


SOO^C 


DC Eiectrical Characteristics ta= -40»cto + 85 °c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply Voltages 






Vdd 

Vss = 0V 

4.5 


5.5 

V 

Vdis 

Vdd = 5V,Vss = 0V 

-30 


-10 

V 

Power Supply Currents • 






Idd 

Vdd = 5V,Vss = 0V, 

Vdis Disconnected 



150 


•dis 

Vdd = 5V,Vss = 0V, 

Vdis= -30V, 

All Outputs Off 



10 

mA 

input Logic Levels 

DATA IN, CLOCK 

Vss = 0V 





Logic ‘0’ 

Vdd = 5V ± 0.5V 

Vss 


0.8 

V 

Logic ‘V 

Vdd = 4.5V 

2.0 


Vdd 

V 

Logic ‘V 

Vdd = 5.5V 

2.4 


Vdd 

V 

Input Currents 

DATA IN, CLOCK 

Vdd = 5V± 0.5V, Vss = 0V 



10 

aA 

Input Capacitance 

DATA IN, CLOCK 

Vdd = 5V± 0.5V, Vss = 0V 



15 

pF 

Display Output Impedances 

Vdd = 5V,Vss = 0V 





Output Off (Figure 3a) 

Vdis = -10V 

55 


250 

kU 


Vdis = -20V 

60 


300 

kn 


Vdis = -30V 

65 


400 

kfi 

Output On (Figure 3b) 

Vdis=-10V 


550 

650 

0 


Vdis = -20V 


500 

600 

n 


Vdis = -30V 


400 

500 

Q 

Display Output Leakage 

Vdd = 5.5V, Vss = 0V, 

Vdis = -30V ! 

5 


20 

nA 








































MM58348 


AC Electrical Characteristics ta= -4o°cto + 85 °c, Vdd= 5 v±o. 5 v 


Parameter 


Clock Input 
Frequency, fc 
Rise Time, 
Fall Time, tf 
High Time, tn 
Low Time, tL 


Data Input 
Set-Up Time, tos 
Hold Time, ton 


Conditions 



Functional Description 

This product is specifically designed to drive multiplexed 
or non-multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character gener- 
ation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58348 uses 
two signals, DATA IN and CLOCK, with a format of a 
leading ‘1’ followed by the 35 data bits, hence allowing 
data transfer without an additional signal. A block 
diagram of the MM58348 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58348 device, where 
output 1 (pin 18) is equivalent to bit 1, (i.e., the first bit of 


data to be loaded into the shift register following the start 
bit). A logic ‘1’ at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components 
can be achieved by use of the MM58348, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
F/gures 3a and 3b show that this output impedance will re- 
main constant for a fixed value of display voltage. 


I +25°C TYPICAL 

34.S - j- / 

— tjmkn yrisokn 

i"' - // / 

i 11 / 

~j ,A /^^C^l skn 

. I I . 

0 100 200 300 400 


FIGURE 3a. Output Impedance Off 


6500 MAX 

AT -l-85°C, VDlS = -10y. 


4000 TYPICAL 
AT +25'’C, Vdis = -20V 


3000 MAX 

' AT -AO'C, Vdis=-30V 


FIGURE 3b. Output impedance On 
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Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58348. 

When the chip first powers on, an internal reset is gener- 
ated, resetting all registers and latches. The chip returns 
to normal operation on application of the start bit and the 
first clock pulse, and so all interface signals should be in- 
active at power on. 

in Figure 5, a start bit of logic ‘1’ precedes the 35 bits of 
data, each bit being accepted on the rising edge of 
CLOCK, i.e., a transition. At the 36th clock, a LOAD 
signal is generated synchronously with the high state of 
the clock, thus loading the 35 bits of the shift register into 
the latches. At the low state of the clock, a RESET signal is 
generated, clearing all bits of the shift register for the next 
set of data. Hence, a complete set of 36 clock pulses is 


needed for the MM58348, or the shift register will not clear. 
If, at any given time, it is required that the display be 
cleared under microprocessor control, I.e., without power 
on reset, then the following flushing routine may be used. 
Clock in 36 ‘zeroes’, followed by a ‘one’ (start bit), followed 
by 35 ‘zeroes’. This procedure will completely blank the 
display. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58348 is used to provide the 
anode drive for a 32-digit 5x7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver fam- 
ily, namely the MM58341, which has the additional 
features of a BLANKING CONTROL pin, a DATA OUT pin, 
and an ENABLE (external load signal) pin. 


Timing Diagrams 



DATA IN 50% 


For the purpose of AC measurement, V|h = 2.4V, V|l = 0.8V 


FIGURE 4. Clock and Data Timings 


CLK35 CLK CLK 1 CLK 2 CLK 3 


CLK 33 CLK 34 CLK 35 CLK 




DATA m X bit 35 / START \ BIT 1 V BIT 2 V BIT 3 

BIT \ A A 


BIT 33^ BIT 34 ^ BIT 35 ^ START ^ 50% 


LOAD 

(INTERNAL) 


RESET 

(INTERNAL) 


FIGURE 5. MM58348 Timings (Data Format) 
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Typical Application 



FIGURE 6. Microprocessor-Controlled Word Processor 
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National 

Semiconductor 


PRELIMINARY 


MM58438 32-Bit LCD Display Driver 


General Description 


The MM58438 is a CMOS metal gate circuit which is ca- 
pable of driving up to 32 LCD segments and is available in 
a 40-pin molded package. In addition, MM58438 dice is 
available for PCB module assembly systems. The circuit 
requires a minimum of interface between data source and 
display and can be cascaded where larger displays are 
required. 

Features 

n Serial data input 
B 32 segment outputs 
B Cascaded operation capability 
□ Alphanumeric and bar graph capability 


TTL compatibility 

Non-multiplex display 

Compatible with HLCD 0438, HLCD 0438A 

Stable oscillator only requires one external component 


Applications 

B COPS™ or microprocessor displays 
■ Instrumentation readouts 

B Digital clock, thermometer, counter, voltmeter displays 
B Industrial control indicator 
B Serial to parallel converter 


Connection Diagram 


Block Diagram 


Dual-In-Line Package 



Vss 

DATA OUT 
DATA IN 
SEGA 
SEG 5 
LCD (i> 
BACKPLANE 


BACKPLANE 

DRIVER 


32 SEGMENT DRIVERS 





32-BIT SHIFT REGISTER 1—0 DATA OUT 


Order Number MM58438N 
See NS Package N40A 


FIGURE 1 
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Absolute Maximum Ratings 







Voltage at Any Pin 

Vss -O.avtoVoD +0.3V 

' 





Vqd Supply Voltage 

18V 






Operating Temperature 

-40‘’Cto -f-85°C 






Storage Temperature 

-65°Cto -t-150°C 






LeadTemperature(Soldering,10seconds) 300°C 






DC Electrical Characteristics Vdd = 3.0V to 15 V,Ta= -40°cto -f- 85 °c unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage Vqd 



3.0 


15 


V 

Supply Current Iqd 

Oscillating or Driven Mode, Vdd = 5V 



60 


nA 

Input High Level V|h 

Vdd = 4.5V to 5.5V 


2.4 


Vdd 


V 


Vdd = 5.5V to 15V 


0.5 Vdd 


Vdd 


V 

Input Low Level V|l 

Vdd = 4.5V to 5.5V 


0 


0.8 


V 


Vdd = 5.5V to 15V 


0 


0.1 Vdd 

V 

Input Current (Any Input) 





±10 


fA 

. Input Capacitance 





10 


pF 

Output Current Levels 
Segments 








Sink Iql 

Vdd = 4.5V, VouT = 0.2V 

20 




fA 

Source Ioh 

Vdd = 4.5V, Vout = Vdd 

-0.2V 

20 




fA 

Backplane 








Sink Iql 

Vdd = 4.5V, VouT = 0.2V 

320 




fA 

Source Ioh 

Vdd = 4.5V, VouT = Vdd 

-0.2V 

320 




fA 

Output Offset Voltage 

Segment Capacitance 

= 250 pF 







Backplane Capacitance = 8750 pF 



±50 


mV 

Data Output 








Sink 

Vdd = 4.5V, VouT= 0.5V 



-100 


iiA 

Source 

Vdd = 4.5V, Vout = Vdd 

-0.5V 

100 




nA 

AC Electrical Characteristics V^d = S.OV to 15V, Ta = - 40°C to + 85°C unless otherwise specified (Figure 2) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

t1 Data Hold Time 


0.1 





fiS 

t2 Data Set-Up Time 


0.1 





ns 

t3 Latch Pulse Width 


1 





fiS 

t4 Clock to Latch Time 


0.1 





IIS 

tpd Data Out Delay 





500 


ns 

Clock Frequency f 


DC 



500 


kHz 

Clock Period t( = 1/f) 


2 





US 

Backplane Frequency 

Cext = 47 pF 


100 




Hz 

Oscillator Stability 

Vdd = 5V 



±50 


% 

VoD Rise Time 

OV to 5V 

5 





ms 
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Functional Description 

The connection diagram for the MM58438 is shown on the 
first page. The circuit is designed to drive LCD displays 
directly. Serial data transfer from the data source to the 
display driver is accomplished with 3 signals, SERIAL 
DATA, CLOCK and LATCH. 

The MM58438 uses a latch mode of microprocessor data 
transfer whereby the signal LATCH acts as a latch to the 
input data (Figure 2). Data is input to and output from the 
internal shift register on the negative clock edge (i.e., a 
logic ‘1’ to logic ‘0’ transition) while the LATCH pin is held 
low. The contents of the shift register are latched to the 
output latches and display drivers on the logic ‘0’ to logic 
‘1’ transition of the LATCH pin when it is pulsed high. 

The MM58438 can be cascaded when a larger display is 
required where it can be considered to be driven or 
oscillating. 

In the oscillating mode, the BACKPLANE frequency is de- 
termined by the capacitor connected to the LCD (j> pin. 
When two circuits are cascaded the second LCD </> input is 
driven by the first backplane output. 

When the circuit is first powered on, an internal power on 
reset signal is generated which primes the mode detect 


logic and sets the BACKPLANE to a logical high level. If 
the circuit is in the oscillating mode the LCD 0 pin is con- 
nected to a capacitor which is held low by a high imped- 
ance internal pull down transistor. If the circuit is in the 
driven mode the LCD 0 pin is connected to the previous 
BACKPLANE output and is forced high by this low imped- 
ance output. When the first LATCH pulse goes to a 
logic ‘1’, the level on the LCD 0 pin is internally latched 
which indicates to the rest of the logic whether the circuit 
is driven or oscillating. 

The oscillator on the oscillating device starts as soon as 
the LATCH pin goes to a iogic ‘1! 

in the driven mode, the BACKPLANE frequency is in phase 
with the input frequency on the LCD <f>. 

To ensure the correct latching of this function, the LATCH 
input must be held at a logic ‘0’ level for a minimum of 
10 fiS at power on. 

Once the initial conditions on power up have been obeyed, 
the circuit can be used as serial to parallel converters with 
the polarity of the output data determined by the logic 
level on the LCD 0 input. A logic ‘V on the LCD 0 input 
produces inverted data. 


Timing Diagram 



FIGURE 2 
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Typical Application 

32 SEGMENTS 32 SEGMENTS BACKPLANE 



' “ TUF;6151'4 

FIGURE 3. 64-Segment Display Cascading Two IVIM58438S 
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National preliminary 

Semiconductor 

MM58538 Multiplexed LCD Driver 

General Description 

The MM58538 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P- and N-channel devices, 
which drives an 8 row by 26 column dot matrix LCD array 
directly under the control of an external microprocessor. 

The MM58538 can be used with an MM58539 to drive a 
display that has up to 8 rows and an arbitrary number of 
columns. Data is input serially from the microprocessor 
which will service the drivers in response to an interrupt 
signal. 

The circuit is available in a 40-pin molded dual-in-line pack- 
age or dice. 

Features 

■ Drives up to 8 rows and 26 columns 

■ Expandable to larger displays with MM58539 

■ Flexible organization allows any display pattern 


□ Simple 3 line interface to microprocessor 

□ Interrupt output 
n Low power 

□ Wide supply voltage range 
Q On chip oscillator 

□ Compatible with HLCD 0538 

Applications 

Q Toys and games 
a Word processor text displays 
a Automotive dashboards 



Block Diagram 


Voo- 


CLK 


LCDQ 



FIGURE 1 


Connection Diagram 


Dual-ln>Line Package 


Vdo — 

1 


40 

DATA IN 

2 


39 

CLK 

S 


3S 

LCDO 

4 


37 

Vss 

S 


3S 

INTERRUPT 

6 


3S 

COL 2S 

7 


34 

C0L2S 

S 


33 

COL 24 

9 


32 

COL 2S 

10 

MMSSSSS 

31 

COL 22 

11 


30 

COL 21 

12 


29 

COL 20 

IS 


2S 

COL 19 

14 


27 

COL IS 

IS 


2S 

COL 17 

16 


25 

COLIC 

17 


24 

COL IS 

IS 


23 

COL 14 

19 


22 

COL IS 

20 


21 



TOP VIEW 



■R0W1 
■ROW 2 
■ROWS 
■ROW 4 
■ROWS 
■ROWS 
•ROW 7 
■ROWS 
■C0L1 
■COL 2 
■COLS 
•COL 4 
■COLS 
■COLS 
■COLT 
■COLS 
■COL 9 
■COL 10 
■COL 11 
■COL 12 


FIGURE 2 

Order Number MM58538N 
See NS Package N40A 
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MM58538 


Absolute Maximum Ratings 


Voltage at any input pin 
Voltage at any display pin 
Storage Temperature 


Vdd-20V to Vdd + 0.3V 
VSS-0.3V to Vdd + 0.3V 
-es’c to i50‘‘C 


Power Dissipation 250 mW 

Lead T emperature (Soldering, 1 0 seconds) 300°C 

Operating Temperature -40°C to 70°C 


Electrical Characteristics T = 25°C and Vqd = 5V unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Supply Voltage 


3 


15 

V 

Idd 

. Supply Current ■ 




400 

mA 

Vih 

Input High Level 

aiiVdo 

.75 Vdd 


Vdd 

V 

Vil 

Input Low Level 

Ali VpD 

Vdd-15 


.25 Vdd 

V 

l1 

Input Leakage 




5 


Ci 

Input Cap. 




5 

PF 

VoH 

Row Output High 

All Vdo 



Vdd 

V 

Vol 

Row Output Low 

All Vqq 

Vss 



V 

Vom 

Row Unselected 

All Vdd 


•5Vdd 


V 

^oh 

Column 0/P High 

All Vdd 


.68Vdd 


V 

Vol 

Column 0/P Low 

All Vdd 


.32Vdd 


V 


Average DC Offset, 






''off 

any display element 




100 

mV 

Ron 

Row & Column 







Output Impedance 

Ii = 10mA 



40 

Kohm 

Ron 

Interrupt 







Output Impedance 

ll = 100^.A 



1 

Kohrn 

f 

Clock Frequency 


DC 


1.5 

MHz 

tds 

Data-in Setup 

Data change to 






Time 

clock fall 

300 



ns 

tdh 

Data-in Hold 

Clock fall to 






Time 

data change 

100 



ns 

td 

LCDO to Int. Out 







Delay 


300 



ns 

tr/f 

Clock rise/fall 







time 


I 


200 

ns 

Vih 

LCDO High Level 

All Vdd 

9Vdd 


Vdd 

V 

Vil 

LCDO Low Level 

All Vdd 

0 


•1Vdd 

V 

Rin 

LCDO Input 







Impedance 

' 

1 


3 

Mohm 
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Functional Description 

A block diagram of the MM58538 LCD driver is shown in 
Figure 1. Connection diagrams are shown in Figure 2. 

MICROPROCESSOR INTERFACE 
Figure 3 shows some typical waveforms for the microproc- 
essor interface. All character or pattern generation is done 
externally by the processor. Data is loaded into the shift 
register on the falling edge of the clock. A data logic ‘1 ’ on a 
coincident row/column causes a segment to be visible. On 
the next rising edge of the interrupt signal, a parallel transfer 
from the shift register to the latches occurs and the row and 
column outputs change accordingly. This Interrupt signal 
also acts as a refresh request and new data must be loaded 
before the next Interrupt signal. The output locations corre- 
spond to a clockwise advancing shift register. Pin 40 is the 
last bit of data loaded and pin 7 is the first bit loaded. 


ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and col- 
umn outputs are shown for an MM58538 together with an 
MM58539 in Figure 3. Rows generated from the MM58538 
are out of phase with Interrupt if selected and at mid point 
voltage othenwise; levels are Vdd. Vss and Vdq/2. Columns 
generated from both the MM58538 and the MM58539 are in 
phase with Interrupt if selected and out of phase if not se- 
lected; levels are 0.32Vdd and 0.68\/dd- Backplanes, i.e., 
rows, should be addressed sequentially and individually. If 
the supply voltage has to be altered to optimise LCD con- 
trast or for temperature compensation it is recommended 
that all positive supply terminals be connected together and 
the negative supply varied. 
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LCDO INPUT 

This input can be used in two modes: 

1 Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss. this input operates as an RC 
oscillator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the Interrupt out- 
put as a frequency of approximately 1/RC, where R 
should exceed 1 Mohm. 

The Interrupt output frequency should be the minimum no- 
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2 Driven Mode 

In this mode, the Interrupt output will follow the waveform 
input on the LCDO pin. 

LCDO of a driven mode device should preferably be con- 
nected to the Interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
-f-/-1% duty cycle waveform to maintain low DC offset 
on the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the fol- 
lowing manner. When the circuit is first powered on, an in- 
ternal power-on-reset signal is generated which primes the 
mode detect logic. This signal sets all the Rqw outputs to 
the Deselected state, all the Column outputs to the Off state 
and the Interrupt output high. If the circuit is in the Oscillat- 


ing mode, the LCDO pin is held low by the external oscillator 
resistor. If the circuit is in the driven mode, the LCDO pin is 
held high by the low impedence Interrupt output of the previ- 
ous device. When the first clock pulse goes to a logic ‘1’, 
the level on the LCDO pin is internally latched, which indi- 
cates to the rest of the logic whether the circuit is driven or 
oscillating. 

The oscillator on the oscillating device starts as soon as the 
clock pin goes high. 

In the Driven mode, the Interrupt frequency is in phase with 
the input frequency on LCDO. 

CASCADING 

Figure 4 shows an application where two or more LCD driv- 
ers are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control for all circuits. The In- 
terrupt output from the ‘master’ oscillating circuit is connect- 
ed to the LCDO input of the other ‘slave’ circuits, with the 
‘slave’ Interrupt going to the microprocessor. It would also 
be possible to connect all LCDO inputs to a common drive 
signal. 

The interface to the microprocessor can be done by having 
a common clock and separate data bus lines or vice versa. 
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FIGURE 4. Typical Application Diagram 
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MM58539 Multiplexed LCD Driver 



PRELIMINARY 


General Description 

The MM58539 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P- and N-channel devices, 
which can drive up to 34 columns of a dot matrix LCD array 
directly under the control of an external processor. The 
MM58539 should be used with an MM58538 or MM58548 
to drive a display that has up to 8 or 16 rows and an arbi- 
trary number of columns. Data is input serially from the mi- 
croprocessor which will service the drivers in response to an 
interrupt signal. 

The circuit is available in a 40-pin molded dual-in-line pack- 
age or dice. 

Features 

□ Drives up to 34 columns 

□ Used with the MM58538 or MM58548 for expanding to 
larger displays 


■ Flexible organization allows any display pattern 

■ Simple 3 line interface to microprocessor 

■ Interrupt output 

■ Low power 

■ Wide supply voltage range 

■ On chip oscillator 

a Compatible with HLCD 0539 

Applications 

■ Toys and games 

■ Word processor text displays 

■ Automotive dashboards 


Block Diagram 



TL/B/6167-1 

FIGURE 1 


Connection Diagrams 
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COL 32 

9 


32 

COL 31 

10 

MM58539 

31 

COL 30 

11 


30 
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Order Number MM58539N . 
See NS Package N40A 
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Absolute Maximum Ratings 





Voltage at any input pin Vpo - 

Voltage at any display pin Vss - 

Storage Temperature 

-20V to Vdd + 0.3V 
-0.3V to Vdd + 0.3V 

-es'Ctotso-c 

Power Dissipation 250 mW 

Lead T emperature (Soldering, 1 0 seconds) 300°C 

Operating Temperature - 40°C to 70°C 

Electrical Characteristics T=25°C and Vdd= 5V unless othenwlse noted. 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Supply Voltage 


3 


15 

V 

Idd 

Supply Current 




400 

p.A 

V|H 

Input High Level 

All Vdd 

.75Vdd 


Vdd 

V 

V|L 

Input Low Level 

All Vdd 

Vdd“‘'5 


.25Vdd 

V 

lu 

Input Leakage 




5 

p.A 

C| 

Input Cap. 




5 

PF 

VOH 

Column 0/P High 

All Vdd 


.68Vdd 


ss 

Vql 

Column 0/P Low 

All Vdd 


.32Vdd 



VOFF 

AverageDC Offset, 

• any display element 




100 

mV 

Ron 

Interrupt 

, Output Impedance 

Il=100 fiA 



1 

kn 

f 

Clock Frequency 


DC 


1.5 

MHz 

^ds 

Data-in Setup 

Time 

Data change to 
clock fall 

300 



ns 

Tdh 

Data in Hold 

Time 

Clock fall to 
data change 

100 



ns 


LCDO to Int. Out 

Delay 


300 



ns 

tr/f 

Clock Rise/Fall 

Time 




200 

ns 

V|H 

LCDO High Level 

All Vdd 

.9Vdd 


Vdd 

^si 

V|L 

LCDO Low Level 

All Vdd 

0 


•1Vdd 


Rin 

LCDO Input 

Impedance 


1 


3 

Mn 

- 
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Functional Description 

A block diagram of the MM58539 LCD driver is shown in 
Figure 1. Connection diagrams are shown in Figure 2. 

MICROPROCESSOR INTERFACE 

Figure 3 shows some typical waveforms for the microproc- 
essor interface when the MM58539 is used with the 
MM58538 to provide row and column information. All char- 
acter or pattern generation is done externally by the proces- 
sor. Data is loaded into the shift register on the falling edge 
of the clock. A data logic "1" on a coincident row/column 
causes a segment to bo visible. On the next rising edge of 
the interrupt signal, a parallel transfer from the shift register 
to the latches occurs and the row and column outputs 
change accordingly. This Interrupt signal also acts as a re- 
fresh request and new data must be loaded before the next 
Interrupt signal. The output locations correspond to a clock- 
wise advancing shift register. Pin 40 is the last bit of data 
loaded and pin 7 is the first bit loaded. 


ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and col- 
umn outputs are shown for an MM58539 together with an 
MM58538 in Figure 3. 

Rows generated from the MM58538 are out of phase with 
Interrupt if selected and at midpoint voltage otherwise; lev- 
els are Vdd. Vss arid Vdd/ 2. Columns generated from both 
the MM58538 and the MM58539 are in phase with Interrupt 
if selected and out of phase if not selected; levels are 
0.32\/dd and 0.68Vdd- Backplanes, ie rows, should be ad- 
dressed sequentially and individually. If the supply voltage 
has to bo altered to optimise LCD contrast or for tempera- 
ture compensation it is recommended that all positive sup- 
ply terminals be connected together and the negative sup- 
ply varied. 
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LCDO INPUT 

This input can be used in two modes: 

1. Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss. this input operates as an RC 
oscillator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the Interrupt out- 
put as a frequency of approximately 1/RC, where R 
should exceed 1 MH. 

The Interrupt output frequency should be the minimum no- 
flicker frequency (approximately 30Hz) multiplied by the 
number of backplanes used. 

2. Driven Mode 

In this mode, the Interrupt output will follow the waveform 
input on the LCDO pin. 

LCDO of a driven mode device should preferably be con- 
nected to the Interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
-f /-1% duty cycle waveform to maintain low DC offset 
on the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the fol- 
lowing manner. When the circuit is first powered on, an in- 
ternal power-on-reset signal is generated which primes the 
mode detect logic. This signal sets all the Row outputs to 


the Deselected state, all the Column outputs to the Off state 
and the Interrupt output high. If the circuit is in the Oscillat- 
ing mode, the LCDO pin is held low by the external oscillator 
resistor. If the circuit is in the driven mode, the LCDO pin is 
held high by the low impedance Interrupt output of the previ- 
ous device. When the first clock pulse goes to a logic “1", 
the level on the LCDO pin is internally latched, which indi- 
cates to the rest of the logic whether the circuit is driven or 
oscillating. 

The oscillator on the oscillating device starts as soon as the 
clock pin goes high. 

In the Driven mode, the Interrupt frequency is in phase with 
the input frequency on LCDO. 

CASCADING 

Figure 4 shows an application where two or more LCD driv- 
ers are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control for all circuits. The In- 
terrupt output from the “master” oscillating circuit is con- 
nected to the LCDO input of the other “slave” circuits, with 
the “slave” Interrupt going to the microprocessor. It would 
also be possible to connect all LCDO inputs to a common 
drive signal. 

The interface to the microprocessor can be done by having 
a common clock and separate data bus lines or vice versa. 
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FIGURE 4. Typical Application Diagram 
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PRELIMINARY 


MIVI58540 Multiplexed LCD Driver 


General Description 


The MM58540 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P and N-channel devices. 
It can be externally programmed to drive either 32 rows or 
32 columns under control of the ROW/COL pin. A high 
level selects all rows and a low level all columns. Two 
MM58540S with opposite selections can therefore be used 
to drive a 32 x 32 display. Data can be input serially from 
the microprocessor provided that CLKEN is high. This is 
done in response to an interrupt signal. 

The circuit is available in either 40-pin molded dual-in-line 
packages or dice. 


Features 

■ Drives either 32 rows or 32 columns 

■ Cascadable for larger displays 

■ Flexible organization allows any display pattern 

■ Simple 4-line interface to microprocessor 

■ Interrupt output 

■ Low power 

■ Wide supply voltage range 

■ On-chip oscillator 

■ Compatible with HLCD 0540 


Applications 


Toys and games 

Word processor text displays 

Automotive dashboards 


Block Diagram 


Connection Diagram 



Dual-In-Line Package 
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Order Number MM58540N 
See NS Package N40A 
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Absolute Maximum Ratings 

Power Dissipation 250 mW 

Operating Temperature -40°Cto70'’C 

Lead Temperature (Soldering, 10 seconds) 300°C 


EieCtriCal Characteristics T^ = 25°C and Vdd = 5V unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage, Vdd 


3 

* 

15 

V 

Supply Current, Idd 




400 

liA 

Input High Level, V|h 

All Vdd 

0.75 Vdd 


Vdd 

V 

Input Low Level, V|l 

All Vdd 

Vdd- 15 


0.25 Vdd 

V 

■ Input Leakage, II 




5 

/iA 

Input Capacitance, C| 




5 

PF 

Row Output High 

All Vdd 



Vdd 

V 

Row Output Low 

All Vdd 

Vss 



V 

Row Unselected 

All Vdd 


0.5 Vdd 


V 

Column 0/P High 

All Vdd 


0.68 Vdd 


V 

Column 0/P Low 

All Vdd 


0.32 Vdd 


V 

Average DC Offset, Any Display 
Element 




100 

mV 

Row and Column Output Impedance 

lL=10/tA 



40 


Interrupt Output Impedance 

li. = 100 ^iA 



1 


Clock Frequency, f 


DC 


1.5 


Data-In Set-Up Time, tDs 

Data Change to Clock Fall 

300 



ns 

Data-In Hold Time, tDH 

Clock Fall to Data Change 

100 



ns 

LCD<^to Interrupt Out Delay, tD 


300 



ns 

Clock Rise/Fall Time, tf, tf 




200 

ns 

LCD</) High Level 

All Vdd 

0.9 Vdd 


Vdd 

V 

LCD(jl) Low Level 

All Vdd 

0 


0.1 Vdd 

V 

LCD(^ Input Impedance 


1 


3 

MQ 


Functional Description 

A block diagram of the MM58540 LCD driver is shown in 
Figure 1. A connection diagram is shown in Figure 2. 

MICROPROCESSOR INTERFACE 

Figure 3 shows some typical waveforms for the microproc- 
essor interface. Al I character or pattern generation is done 
externally by the processor. Data is loaded into the shift 
register on the falling edge of the clock provided that 
CLKEN is high. A data logic ‘1’ on a coincident row/col- 
umn causes a segment to be visible. On the next rising 
edge of the interrupt signal, a parallel transfer from the 
shift register to the latches occurs and the row and column 
outputs change accordingly. This interrupt signal also 
acts as a refresh request and new data must be loaded 
before the next interrupt signal. The output locations cor- 
respond to a clockwise advancing shift register. Pin 40 is 
the last bit of data loaded and pin 9 is the first bit loaded. 


ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and 
column outputs are shown for two separate devices in 
Figure 3. Rows are out of phase with interrupt if selected 
and at midpoint voltage otherwise; levels are Vqd, Vss and 
Vdd/ 2. Columns are in phase with interrupt if selected and 
out of phase if not selected; levels are 0.32 Vdd and 0.68 Vdd- 
Backplanes, i.e., rows, should be addressed sequentially 
and individually. If the supply voltage has to be altered to 
optimize LCD contrast or for temperature compensation, 
it is recommended that all positive supply terminals be 
connected together and the negative supply varied. 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Storage Temperature 


Vdd “ 20V to Vdd + 0-3V 
Vss -0.3V to Vdd - h 0.3V 
-65‘’Cto150‘'C 
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Functional Description (Continued) 


LCD0 INPUT 

This input can be used in two modes: 

1) Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vgs, this input operates as an RC 
oscillator. This frequency is divided by 2 to provide a 50% 
duty cycle and will then appear at the interrupt output as a 
frequency of approximately 1/RC, where R should exceed 
1 MQ. 

The interrupt output frequency should be the minimum no- 
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2) Driven Mode 

In this mode, the interrupt output will follow the waveform 
input on the LCD0 pin. 

LCDcf) of a driven mode device should preferably be con- 
nected to the interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
±1% duty cycle waveform to maintain low DC offset on 
the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the 
following manner. When the circuit is first powered on, an 
internal power-on-reset signal is generated which primes 
the mode detect logic. This signal sets all the row outputs 


to the deselected state, all the column outputs to the off 
state and the interrupt output high. If the circuit is in the 
oscillating mode, the LCD0 pin is held low by the external 
oscillator resistor. If the circuit is in the driven mode, the 
LCD0 pin is held high by the low impedance interrupt out- 
put of the previous devices. When the first clock pulse 
goes to a logic ‘1’, the level on the LCD0 pin is internally 
latched, which indicates to the rest of the logic whether 
the circuit is driven or oscillating. The oscillator on the 
oscillating device starts as soon as the clock pin goes 
high. 

In the driven mode, the interrupt frequency is in phase with 
the input frequency on LCD0. 

CASCADING 

Figure 4 shows an application where 2 or more LCD drivers 
are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control forall circuits. The in- 
terrupt output from the ‘master’ oscillating circuit is con- 
nected to the LCD0 input of the other ‘slave’ circuits, with 
the ‘slave’ interrupt going to the microprocessor. It would 
also be possible to connect all LCD0 inputs to a common 
drive signal. 

The interface to the microprocessor can be done by having 
a common clock and data with separate clock-enable 
lines or by holding CLKEN high and having a common 
clock and separate data bus lines or vice-versa.’ 
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Functional Description (Continued) 



FIGURE 4 
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PRELIMINARY 


MM58548 Multiplexed LCD Driver 


General Description 

The MM58548 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P and N-channel devices. 
It drives a 16-row by 16-column dot matrix LCD array di- 
rectly under control of an external microprocessor. The 
MM58548 can be used with an MM58539 to drive a display 
that has up to 16 rows and an arbitrary number of columns. 
Data is input serially from the microprocessor which will 
service the drivers in response to an interrupt signal. 

The circuit is available in either 40-pin molded dual-in-line 
packages or dice. 


Features 

■ Drives up to 16 rows and 16 columns 

■ Expandable to larger displays with MM58539 

■ Flexible organization allows any display pattern 

■ Simple 3-line interface to microprocessor 

■ Interrupt output 

■ Low power 

■ Wide supply voltage range 

■ On-chip oscillator 

■ Compatible with HLCD0548 


Applications 

B Toys and games 

■ Word processor text displays 

■ Automotive dashboards 


Block Diagram 


Connection Diagram 
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Order Number MM58548N 
See NS Package N40A 
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Absolute Maximum Ratings 

Voltage at Any Input Pin Vdd - 20V to Vdd + 0.3V 

Power Dissipation 

' 250 mW 

Voltage at Any Display Pin 

Vss -0.3V to Vdd + 0.3V 

Operating Temperature 

-40'’Cto70°C 

Storage Temperature 

-65°Cto150‘’C 

Lead Temperature (Soldering, 10 seconds) 

300 ‘’C 

Electrical Characteristics TA= 25 °candVDD 

= 5V unless otherwise noted 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage, Vdd 


3 


15 

V 

Supply Current, Ido 




400 


Input High Level, V|h 

All Vdd 

0.75 Vdd 


Vdd 

V 

Input Low Level, V|l 

All Vdd 

Vdd- 15 


0.25 Vdd 

V 

Input Leakage, I L 




5 

fiA 

Input Capacitance, C| 




5 

pF 

Row Output High 

All Vdd 



Vdd 

V 

Row Output Low 

All Vdd 

Vss 



V 

Row Unselected 

All Vdd 


0.5 Vdd 


V 

Column 0/P High 

All Vdd 


0.68 Vdd 


V 

Column 0/P Low 

All Vdd 


0.32 Vdd 


V 

Average DC Offset, Any Display 
Element 




100 

mV 

Row and Column Output Impedance 

Il=10;iA 



40 


Interrupt Output Impedance 

Il=100 fiA 



1 


Clock Frequency, f 


DC 


1.5 


Data-In Set-Up Time, tDs 

Data Change to Clock Fall 

300 



ns 

Data-In Hold Time, tDH 

Clock Fall to Data Change 

100 



ns 

LCD0 to Interrupt Out Delay, tD 


300 



ns 

Clock Rise/Fall Time, tr, tf 




200 

ns 

LCD0 High Level 

All Vdd 

0.9 Vdd 


Vdd 

V 

LCD0 Low Level 

All Vdd 

0 


0.1 Vdd 

V 

LCD0 Input Impedance 


1 


3 

MO 


Functional Description 

A block diagram of the MM58548 LCD driver is shown in 
Figure 1. A connection diagram is shown in Figure 2. 

MICROPROCESSOR INTERFACE 

Figure 3 shows some typical waveforms for the microproc- 
essor interface. Al I character or pattern generation is done 
externally by the processor. Data is loaded into the shift 
register on the falling edge of the clock. A data logic ‘1’ on 
a coincident row/column causes a segment to be visible. 
On the next rising edge of the interrupt signal, a parallel 
transfer of data from the shift register to the latches oc- 
curs and the row and column outputs change accordingly. 
This interrupt signal also acts as a refresh request and 
new data must be loaded before the next interrupt signal. 
The output locations correspond to a clockwise advanc- 
ing shift register. Pin 40 is the last bit of data loaded and 
pin 9 is the first bit loaded. 


ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and col- 
umn outputs are shown in Figure 3. Rows are out of phase 
with interrupt if selected and at midpoint voltage other- 
wise; levels are Vdd, Vss and Vdd/ 2. Columns are in phase 
with interrupt if selected and out of phase if not selected; 
levels are 0.32 V^d and 0.68 Vdq. Backplanes; i.e., rows, 
should be addressd sequentially and individually. If the 
supply voltage has to be altered to optimize LCD contrast 
or for temperature compensation, it is recommended that 
all positive supply terminals be connected together and 
the negative supply varied. 
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Functional Description (Continued) 


32 CLOCK PULSES 



FIGURES 


LCD0 INPUT 

This input can be used in two modes: 

1) Oscillating Mode 

When this pin is connected with an externai resistor and 
capacitor in parallei to Vss, this input operates as an RC 
osciilator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the interrupt output 
as a frequency of approximately 1/RC, where R should ex- 
ceed 1Mn. 

The interrupt output frequency should be the minimum no- 
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2) Driven Mode 

In this mode, the interrupt output will follow the waveform 
input on the LCD</) pin. 

LCD0 of a driven mode device should preferably be con- 
nected to the interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
±1% duty cycle waveform to maintain low DC offset on 
the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the 
following manner. When the circuit is first powered on, an 
internal power-on-reset signal is generated which primes 


the mode detect logic. This signal sets all the row outputs 
to the deselected state, all the column outputs to the off 
state and the interrupt output high. If the circuit is in the 
oscillating mode, the LCD0 pin is held low by the external 
oscillator resistor. If the circuit is in the driven mode, the 
LCD(/) pin is held high by the low impedance interrupt out- 
put of the previous device. When the first clock pulse goes 
to a logic ‘V, the level on the LCD0 pin is internally latched, 
which indicates to the rest of the logic whetherthe circuit 
is driven or oscillating. The oscillator on the oscillating 
device starts as soon as the clock pin goes high. 

In the driven mode, the interrupt frequency is in phase with 
the input frequency on LCD<^. 

CASCADING 

Figure 4 shows an application where 2 or more LCD drivers 
are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control for all circuits. The in- 
terrupt output from the ‘master’ oscillating circuit is con- 
nected to the LCD0 input of the other ‘slave’ circuits, with 
the ‘slave’ interrupt going to the microprocessor. It would 
also be possible to connect all LCDrf) inputs to a common 
drive signal. 

The interface to the microprocessor can be done by having 
a common clock and data with separate clock-enable 
lines or by holding CLKEN high and having a common 
clock and separate data bus lines or vice-versa. 
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Functional Description (Continued) 



— VOIS ; TUB/5605-4 


FIGURE 4 
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National 

Semiconductor 


PRELIMINARY 


MM54HC4511/MM74HC4511 
BCD-to-7 Segment Latch/ Decoder/ Driver 


microCMOS 


General Description 

This high speed latch/decoder/driver utilizes microCMOS 
Technology, 3.5 micron silicon gate P-well CMOS. It has the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits, as well as the ability to drive 
10 LS-TTL loads. The circuit provides the functions of a 4-bit 
storage latch, an 8421 BCD-to-seven segment decoder, and 
an output drive capability. Lamp test (LT), blanking (Bi), and 
latch enable (LE) inputs are used to test the display, to turn- 
off or pulse modulate the brightness of the display, and to 
store a BCD code, respectively. It can be used with seven- 
segment light emitting diodes (LED), incandescent, fluores- 
cent, gas discharge, or liquid crystal readouts either directly 
or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 
The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Connection Diagram 


Dual*ln*Line Package 


Vcc > g 


b c d e 


16 15 14 13 12 11 10 9 



|1 |2 _|3 J4 |5 |6 |7 |3 

B C LT BI LE 0 A GND 

■V TL/F/5373-1 

TOP VIEW 

MM54HC4511/MM74HC4511 
54HC4511 (J) 74HC4511 (J,N) 


Features 

B Latch storage of Input data 
B Blanking input 
B Lamp test input 

B Low power consumption characteristics of CMOS 
devices 

Q Wide operating voltage range: 2 to 6 volts 
B Low input current: 1 /lA maximum 
B Low quiescent current: 80 nA maximum over full 
temperature range (74 Series) 


Truth Table 


LEBILTDCBAabcdefg DISPLAY 

xxOxxxxlllllll 8 
X 0 1 xxxxOOOOOOO 



0 0 0 0 1 1 1 1 1 1 0 
00010110000 
0 0 10 110 110 1 
0 0 1 1 1 1 1 1 0 0 1 


11110 0 1 
0 1 0 0 0 1 1 0 0 1 1 
01011011011 
0 1 1 0 0 0 1 1 1 1 1 
0 1 1 1 1 1 1 0 0 0 0 
1 0 0 0 1 1 1 1 1 1 1 
1 0 0 1 1 1 1 0 0 1 1 
1 01 00000000 
1 01 10000000 
1 1 000000000 
1 1 010000000 
1 1 1 00000000 
1 1 1 1 0 0 0 0 0 0 0 


• = Depends upon the BCD code applied during the 0 to 1 transition of LE, 
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MM54HC4511/MM74HC451 1 


Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) - 0.5 to + 7.0V 

DC Input Voltage (V|n) - 1 .5 to Vcc + 1 -SV 

DC Output Voltage (Vqut) -0.5toVcc + 0-5V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqut) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ±50mA 

Storage Temperature Range (Tstg) -65°C to +150°C 
Power Dissipation (Pd) (Note 3) 500 mW 


Operating Conditions 


-0.5 to +7.0V 


Min 

Max 

Units 

-1.5 to VCC + 1-5V 

Supply Voltage(Vcc) 

2 

6 

V 

— 0.5 to Vcc + 0-5V 

DC Input or Output Voltage 

0 

Vcc 

V 

±20 mA 

(Vin.Vqut) 




±25 mA 

Operating Temperature RangefTA) 




MM74HC 

-40 

+ 85 

“C 

± 50 mA 

MM54HC 

-55 

+ 125 

'C 

-65°Cto +150'’C 

Input Rise or Fall Times 




500 mW 

(tr.tf) Vcc = 2.0 V 


1000 

ns 

:onds) 260°C 

Vcc = 4.5V 


500 

ns 


Vcc = 6.0V 


400 

ns 


DC Eiectricai Characteristics (Note 4) 





Minimum High Level V|n = V|h or V|l 
O utput Voltage I IqutI ^ 20 fiA 


V|N = V|H0rV|L 
|IoutI^ 7.5 mA 
IIoutI^S-^S mA 


Maximum Low Level V|n = V|h or V|l 
O utput Voltage | IqlitI ^ 20 jn A 


V|N = V|H or V|L 
|IoutI^ 4.0 mA 


Ta = 25X 


Typ 


TA=-40to85°C TA=-55to125°C 



Guaranteed Limits 

1.5 

1.5 


1.5 

3.15 

3.15 


3.15 




l|N 

Maximum Input 
Current 

V|(v| = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

fiA 

icc 

Maximum Quiescent 
Supply Current 

V|N~ Vcc ot GND 
IOUT = 0 fA 

6.0V 


8.0 

80 

160 

fiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/'C from 65°C to 85°C; ceramic "J" package: -12 mW/°C from 
100°Cto 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and Vql) occur for HC at 4,5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc = 5-5V and 4.5V respectively. (The V|h value at 5.5V Is 3.85V.) The worst case leakage current (I|n, 
Ice. and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics vcc=5v. ta=25“c. cl=i5 pf. tr=t,=6 ns 


Symbol 

Parameter 

Conditions 

Typ 

Guaranteed 

Limit 

Units 

tpHL. tPLH 

Maximum Propagation 

Delay from Inputs A thru D to any Output 


60 

120 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay from Bl to any Output 


60 

120 

ns 

tPHL. tPLH 

Maximum Propagation 

Delay from LT to any Output 


60 

120 

ns 

ts 

Minimum Setup Time 

Inputs A thru D to LE 


10 

20 

ns 

tH 

Minimum Hold Time 

Inputs A thru D to LE 


-3 

0 

ns 

tw 

Minimum Pulse Width 
for LE 


■ 

16 

ns 


AC Eiectrical Characteristics Cl =50 pF, tr=tf=6 ns (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta= 

25°C 

74HC 

Ta= -40 to 85°C 

54HC 

Ta=- 55 to125'’C 

Units 

Typ 

Guaranteed Limits 

fPHL. fPLH 

Maximum Propagation 

LE = 0V 


300 

600 

756 

894 

ns 


Delay from Inputs 

LT = Vcc 


60 

120 

151 

179 

ns 


A thru D to any Output 

BI = Vcc 


51 

102 

129 

152 

ns 

tpHL. tpLH 

Maximum Propagation 

IT = Vcc 

2.0V 

300 

600 

756 

894 

ns 


Delay from Bi to 


4.5V 

60 

120 

151 

179 

ns 


any Output 


6.0V 

51 

102 

129 

152 

ns 

<PHL. tpLH 

Maximum Propagation 

> 

o 

II 

Icq 

wm 

300 

600 

756 

894 

ns 


Delay ffom IT to 



60 

120 

151 

179 

ns 


any Output 


QQ[ 

51 

102 

129 

152 

ns 

ts 

Minimum Setup Time 


2.0V 

mm 

100 

126 

149 

ns 


Inputs A thru D to LE 


4.5V 


20 

25 

30 

ns 




6.0V 


17 

21 

25 

ns 

tH 

Minimum Hold Time 


2.0V 


0 

0 

0 

ns 


Inputs A thru D to LE 


4.5V 


0 

0 

0 

ns 




6.0V 


0 

0 

0 

ns 

tw 

Minimum Pulse Width 


2.0V 


80 

100 

120 

ns 


for LE 


4.5V 


16 

20 

24 

ns 




6.0V 

n 

14 

17 

20 

ns 

tfi tf 

Maximum Input Rise and 




1000 

1000 

1000 

ns 


Fall Time 




500 


500 

ns 








400 

ns 

CpD 

Power Dissipation 


wm 





pF 


Capacitance (Note 5) 








C|N 

Maximum Input 



5 

10 

10 

10 

pF 


Capacitance 









' Note 5: Cpo determines the no load dynamic power consumption. Pd=Cpo Vcc^ *+Icc Vcc. and the no load dynamic current consumption, 
is=CpD Vcc *+lcc- 

Note 6: Refer to back of section 1 for Typicai MM54/74HC AC Switching Waveforms and Test Circuits. 
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INPUTS 

A, B, C, D (Pins 7, 1, 2, 6) — BCD data inputs. A (pin 7) is the 
least-significant data bit and D (pin 6) is the most significant 
bit. Hexadecimal data A-F at these inputs will'cause the 
outputs to asspme a logic low, offering an alternate method 
of blanking the display. 

OUTPUTS 

a-g — Decoded, buffered outputs. These outputs, unlike the 
4511, have CMOS drivers, which will produce typical CMOS 
output voltage levels. 


CONTROLS 

Bi (Pin 4) — Active-low display blanking input. A logic low on 
this input will cause all outputs to be held at a logic low, 
thereby blanking the display. LT is the only input that will 
override the BI input. 

LT (Pin 3) — Active-low lamp test. A low logic level on this 
input causes all outputs to assume a logic high. This input 
allows the user to test all segments of a display, with a 
single control input. This input is independent of all other 
inputs. 

LE (Pin 5) — Latch enable input. This input controls the 4-bit 
transparent latch. A logic high on this input latches the data 
present at the A, B, C and D inputs; a logic low allows the 
data to be transmitted through the latch to the decoder. 


Output Characteristics (Vcc=5V) 


HfiBSSSSiS 

m 

S 







5 4 3 2 1 0 

Vo -OUTPUT VOLTAGE (V) 

TL/F/5373-2 

•The expected minimum curves are not guarantees, but are design aids. 




Ta 

= 25»C 

Ta^ 

= 85^0 


^EXPECTED MINIMUM*] 


1 2 3 4 5 

Vd-OUTPUT voltage (V) 


Typical Applications 



* 

HC 

• 

f : 



4511 

g 




A‘->-" = 2C0n 

< 

L < 

► 


< 

] 

j 

1 



TL/F/5373-4 

Typical Common Cathode LED Connection 


incandescent Bulb Driving Circuit 
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I\/IM54HC4543/MM74HC4543 


National 

Semiconductor 


microCMOS 


MM54HC4543/MM74HC4543 BCD-to-7 Segment 
Latch/ Decoder/Driver for Liquid Crystai Dispiays 


General Description 

The MM54HC4543/MM74HC4543 BCD-to-7 segment 
latch/decoder/driver utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, and can be used either as 
a high speed decoder or as a display driver. This circuit 
contains a 4-bit latch, BCD-to-7 segment decoder, and 7 
output drivers. Data. on the input pins flow through to the 
output when the LATCH ENABLE (LE) is high and is latched 
on the high to low transition of the LE input. The PHASE 
input (PH) controls the polarity of the 7 segment outputs. 
When PH is low the outputs are true 7 segment, and when 
PH is high the outputs are inverted 7 segment. When the 
PHASE input is driven by a liquid crystal display (LCD) back- 
plane waveform the segment pins output the correct seg- 
ment waveform for proper LCD AC drive voltages. 

In addition a BLANKING INPUT (Bl) is provided, which will 
blank the display. 


Connection Diagram 


Dual-ln-Llne Package 

Vcc f g e d c b a 

1 16 1 15 1 14 1 13 1 12 111 I 10 I 9 



TOP VIEW 

MM54HC4543/MM74HC4543 
54HC4543 (J) 74HC4543 (J,N) 


The MM54HC4543/MM74HC4543 are functionally and pin- 
out equivalent to the CD4543BC/CD4543BM and the 
MC14543BA/MC14543BC. All inputs are protected from 
damage due to static discharge by diodes to Vcc 
ground. 

Features 

■ Typical propagation delay: 60 ns 

■ Supply voltage range: 2-6V 

■ Maximum input current: 1 jliA 

■ Maximum quiescent supply current: 80 /lA (74HC) 

■ Display blanking 

■ Low dynamic power consumption 


Truth Table 

Inputs Outputs 

LE Bl ~Ph* iDCBAabcdefol Display 

X H L XXXXLLLLLLL Blank 

HLLLLLLHHHHHHL 0 
HL L LLLHLHHLLLL 1 

HL L LLHLHH. LHHLH 2 

LLHHHHHHLLH 


L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 



Inverse of Output Display 

t t H t Combinations as 

Above above 

X— don’t care 

t = same as above combinations 
* = for liquid crystal readouts, apply a square wave to Ph. 

** = depends upon the BCD code previously applied when LE— H 


Display Format 


II I ^1 iL' (_ / 1^1 O 

U I I (-/ 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) “P-5 to + 7.0V 

DC Input Voltage (V|n) -1.5 to Vcc + 1-5V 

DC Output Voltage (Vqut) - 0.5 to Vcc + 0-5V 

Clamp Diode Current (Iik, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + ISO'C 
Power Dissipation (Pq) (Note 3) 500 mW 

Lead T emperature (T J (Soldering 1 0 seconds) 260‘’C 


Operating Conditions 

Min 

Supply Voltage(Vcc) 2 

DC Input or Output Voltage 0 

(Vin.Vqut) 

Operating Temperature Range(TA) 
MM74HC -40 

MM54HC -55 

input Rise or Fall Times 
(tr.tf) Vcc = 2.0 V 

Vcc = 4.5V 
Vcc = 6.0V 


DC Electrical Characteristics (Note 4) 



Maximum Quiescent ViN = VccorGND 6.0V 
Supply Current louT=0fiA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N" package: -12 mW/°C from 65°C to 85°C; ceramic "J” package; -12 mW/°C from 
lOO^C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (Vqh. and VoJ occur for HC at 4,5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V|h and V|l occur at Vcc “ 5.5V and 4.5V respectively, (The V|h value at 5.5V is 3,85V.) The worst case leakage current (I|n, 
Ice- and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 

Vcc=5V. Ta=25°C, Cl=15 pF, tr = tf = 6 ns 


Symbol 

Parameter 

tpHL. tpLH 

Maximum Propagation 

Delay Data LE, Bl, PH to Output 

ts 

Minimum Setup Time 

LE to Data 

tH 

Minimum Hold Time 

Data to LE 

tw 

Minimum LE Pulse Width 


Conditions Typ 


60 



Guaranteed 

Limit 

Units 

too 

ns 

20 

ns 

10 

ns 

16 

ns 



AC Electrical Characteristics Cl = 50 pF, tr=tf=6 ns (unless otherwise specified) 


Conditions Vcc 


Symbol 

Parameter 

IPHL. tPLH 

Maximum Propagation 

Delay Data LE,PH,BI to Output 

ts 

Minimum Setup Time 

LE to Data 

tH 

Minimum Hold Time 

Data to LE 

tw 

Minimum LE Pulse Width 

CpD 

Power Dissipation 

Capacitance (Note 5) 

C|N 

Maximum Input 

Capacitance 


Ta = 

25°C 

74HC 

Ta=- 40 to 85°C 

54HC 

Ta=- 55 to125°C 

Typ 


Guaranteed Limits 








Note 5: Cpd determines the no load dynamic power consumption. Pd=Cpd Vcc^ t+lcc Vcc. and the no load dynamic current consumption, 
ls“CpD Vcc t+lcc- 

Note 6: Refer to back of section 1 tor Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Introduction 

National’s CMOS static RAMs utilize microCMOS tech- 
nology and may be used with CMOS logic, microproc- 
essors, custom LSI and other semiconductor products to 
optimize system speed/power trade-offs. Synchronous 
operation is provided by on-chip address latches. Static 
RAM products also provide data retention at 2V. 




National 

Semiconductor 


NMC6164 8192 x 8-Bit Static RAM 


PRELIMINARY 


microCMOS 


General Description 


The NMC6164 is a 8192-word by 8-bit new generation 
static RAM. It is fabricated with National's proprietary 
microCMOS double-polysilicon technology which com- 
bines high performance and high density with low power 
consumption and excellent reliability. 

The NMC6164 is designed to operate with a single 5V 
power supply with ±10% tolerance. Additional battery 
back-up operation is available (LP version). 

Packaging is in a standard 28-pin DIP and is available in 
both plastic and CERDIP. It is pin compatible with the 64k 
EPROM. 

In addition to the inputs and outputs being TTL com- 
patible, the outputs are also CMOS compatible in that 
capacitive loads are driven to Vcc or Vss. 


Features 

■ Single power supply; 5V± 10% 

■ High speed: fast access time 100 ns/120 ns/150 ns max 

■ Equal access and cycle time 

■ Completely static RAM: No clock or timing strobe 
required 

■ Low standby power and low power operation 

Standby: 10 /tW typ 
Operation: 15 mW/MHz 

■ Battery back-up operation available (LP) 

■ Common data input and output, TRI-STATE® output 

■ TTL compatible: all inputs and outputs 

■ CMOS compatible: outputs drive capacitive loads to 
Vcc or Vss 

a Standard 28-pin package configuration 

■ Pin compatible with 64k EPROM 

B Data retention supply voltage: 2V-5.5V 


Block and Connection Diagrams 



Dual-ln-Line Package 


^ 28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

18 

19 

11 

18 

12 

17 

13 

16 

14 

15 


Order Number NMC6164J or NMC6164N 
See NS Package J28A or N28B 
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Absolute Maximum Ratings 


Voltageon AnyPin RelativetoGND, Vss -0.5V-7V 

Operating Temperature, Tqpr 0°C-70°C 

StorageTemperature,TsTG - 55°C-125°C 

TemperatureunderBias.TeiAs - 10°C-85°C 

Power Dissipation, Pd 1.0W 

Current Through Any Pin 100 mA max 


Recommended DC Operating 
Conditions 


DC Electrical Characteristics 


Vqq Suppiy Voitage 
Vss Suppiy Voitage 
V|H, Input High Voltage 
(Logic 1) 

TTL 

CMOS 

V|L, Input Low Voltage 
(Logic.O) 

TTL 

CMOS 


at recommended operating conditions 


Min 

4.5 

0 


2.2 

Vcc~0.2 


Max 

5.5 

0 


6.0 

Vcc + 0-2 


-0.3 

- 0.2 


0.8 

0.2 


Units 

V 

V 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Ili 

Input Leakage Current 

V|N = Vsst0Vcc 

-2 

.2 

IxA 

•lo 

Output Leakage Current 

CS1 = V||_| or CS2 = Vj|_ or OE = V||-| 

^i/o = Vcc 

-2 

2 

fiA 

Icc 

Active Guiescent Current 

All Inputs at TTL Levels 

CSi = V|L, TTL or CS2 = V|H, TTL 

I I/O = 0 mA 

0 


25 

mA 

Icc 

P 

Active Ouiescent Current 

All Inputs at CMOS Levels 



2 

mA 


LP 


CSI = V|L, CMOS or CS2 = V|h, CMOS 
l|/o = 0mA 



100 

nA 

Icci 


Average Operating Current 

Duty Cycle = 100%, All Inputs at TTL Levels, 
CSi = V|L, CS2 = V|H 

TTL 


60 

mA 




CMOS 



40 

mA 

■sB 

P 

Standby Power Supply Current 

CSi = V|H, TTL or CS2 = V|l, TTL 



4 

mA 


LP 


l|/o = 0mA 



2 

mA 

•SBI 

P 

Standby Power Supply Current 

CSi = V|H,CMOS 



. 2 

mA 


LP 


CS2 = V|H, CMOS or V|l, CMOS 



100 

mA 

ISB2 

p 

Standby Power Supply Current 

CS2 = V|l, CMOS 



2 

mA 


LP 





100 

/tA 

VoL 


Output Low Voltage, TTL 

Iol = 2.1 mA 


0.4 

V 



Output Low Voltage, CMOS 

loL= - 10 fiA 

-0.2 

0.2 

V 

Vqh 


Output High Voltage, TTL 

loH= ~ 1-0 mA 

2.4 


V 



Output High Voltage, CMOS 

loH= ±10/iA 

Vcc-0.2 

Vcc + 0.2 

V 


Capacitance 


Symbol 

Parameter 

Conditions 

Max 

Units 

C|N ■ 

Input Capacitance 

V|N = 0V (Note 5) 

6 

PF 

C|/o 

Input/Output Capacitance 

V|/o = 0V (Note 5) 

8 

PF 
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AC Electrical Characteristics (Note i) 




NMC6164 

P(LP)-10 


Min Max 


NMC6164 

P(LP)-12 


Min Max 


READ CYCLE (Note 4) 


tpc Read Cycle Time 


Iaa Address Access Time 


Chip Selection (CS1) to Output 


Chip Selection (CS2) to Output 


Output Enable (OE) to Output Valid 


Chip Selection (CS1) to Output in Low Z 


Chip Selection (CS2) to Output in Low Z 


Output Enable (OE) to Output in Low Z 



NMC6164 
P(LP)-15 Units 


Min Max 


ns 


150 I ns 


150 ns 


150 ns 


70 ns 


ns 



thzi 

Chip Deselection (CSI) to Output in Hi-Z (Notes 2 and 3) 

0 

35 

0 1 

40 

0 

50 

ns 

'hZ2 

Chip Deselection (CS2) to Output in Hi-Z (Notes 2 and 3) 

0 

35 

0 

40 

0 

50 

ns 

tOHZ 

Output Disabie (OE) to Output in Hi-Z (Notes 2 and 3) 

0 

35 

0 

40 

0 

50 

ns 


toHA Output Hold from Address Change 


WRITE CYCLE 


twc 

Write Cycle Time 

100 

tew 

Chip Selection to End of Write (Note 10) 

80 

tAS 

Address Set-Up Time (Note 7) 

0 

tAW 

Address Vaiid to End of Write 

80 

twp 

Write Puise Width 

60 

tWRI 

Write Recovery Time (Note 8) 

0 

twR2 

Write Recovery Time from CS2 (Note 8) 

0 

twHZ 

Beginning of Write to Output in Hi-Z (Notes 9 and 13) 

0 

tow 

Data Valid to Write Time Overiap 

35 

toH 

Data Hoid from End of Write 

0 

toHZ 

Output Disabie (OE) to Output in Hi-Z 

0 ' 

tow 

Output Active from End of Write (Notes 11 and 12) 

5 



ns 


ns 


ns 


ns 


s 


ns 


ns 


50 ns 


ns 


ns 


50 ns 


Note1: AC test conditions Ta =0°C to +70°C. Vcc = 5V ± 10%, 

Note 2: tnz ^rid tQHZ defined as the time at which the outputs achieve the open circuit condition and are not referenced to output voltage levels. 
Note 3: At any given temperature and voltage condition, t hzMAX Is less than tL2MIN' ^ given device and from device to device. 

Note 4: WE is high for read cycle. 

Note 5: Ta = 25°C, f = 1.0 MHz. This parameter is sampled and not 100% tested. 

Note 6; A write occurs during the overlap (tyyp) of a low and a high CS2 and a low WE. 

Note 7: t as 's measured from the address changes to the beginning of the write. 

Note 8: tyyp is measured from the earliest of Csi or WE going high or CS2 going low to the end of write cycle. 

Note 9: During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied. 

Note 10: If the CSI low transition occurs simultaneously with the WE low transition or after the WE transition, the outputs will remain In a Hi-Z state. 
Note 11; Dqut same phase of write data of this write cycle. 

Note 12: Dqut I® '1^® 

Note 13: If CsT is low and CS2 is high during this period, I/O pins are in the output state. Atthis time, the data input signals of opposite phase to the outputs 
must not be applied. 

Not e 14: CS2 controls the addres? buffers, WE buffer, CSI buffer. Din buffer and OE buffer. When CS2 controls the data retention mode, Vin level (address, 
WE, CSI , OE) can be In the high impedance state. When CSI controls the data retention mode, CS2 must be at V|h, CMOS. All other input levels (address, WE, 
I/O) can be in the high impedance state. 
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Low Vcc Data Retention 


Symbol 

Parameter 

Conditions 

Vdri 

Vcc fo'" Data Retention 

CS1> V|H, CMOS 

CS2>V|h, CMOS 

VdR2 

Vcc fo'" Data Retention 

CS2<V|l, CMOS 

IcCDRI 

Data Retention Current (Note 14) 

Vcc = 3.0V, 

CS1>V|H, CMOS 

CS2>V|h, CMOS 

m 

Data Retention Current (Note 14) 

Vcc = 3.0V, 

CS2<V|l, CMOS 

tCDR 

Chip Deselect to Data Retention Time 

See Retention Waveform 

tR 

Operation Recovery Time 

See Retention Waveform 


Truth Table 


Mode 

WE 

CS1 

CS2 

C5E 

I/O 

Not Selected 

★ 

H 

★ 

■k 

Hi-Z 

(Power Down) 

■* 

* 

L 

* 

Hi-Z 

Output Disabled 

H 

L 

H 

H 

Hi-Z 

Read 

H . 

L 

H 

L 

Dqut 

Write 

L 

L- 

H 

H 

D|n 


L 

L 

H 

L 

D|n 


* Don’t care (H or L) 


Low Vcc Data Retention Waveforms 



No. 1 (CS1 Controlled) 
DATA RETENTION MODE 











































































Timing Waveforms (Continued) 











Introduction 

When considering repiacing existing NMOS EPROMs 
with the new CMOS memories in any system, one advan- 
tage overshadows aii others; significantly reduced power 
consumption. For example, the maximum active current 
rating for a 16k NMOS EPROM is 100 mA. The equivalent 
CMOS EPROM of equal size and speed has a maximum 
rating of one tenth of this. The surprising aspect is that 
this smaller power drain does not increase with increases 
in memory density. 

When the density of the memory is increased, the NMOS 
EPROMs draw more power, but CMOS EPROMs do not, as 
shown in Figure 10-1. This is achieved because the CMOS 
EPROMs only draw current when their inputs or outputs 
switch, so 16k CMOS EPROMs can be replaced with 32k or 
even 64k EPROMs with no detectable increase in power 
consumption. 

National’s CMOS EPROMs use less dynamic standby 
power and also less read/write power. This results from 
the connection of chip enable (CE) to extra transistors in 


the address and control inputs. If CE is not active, these 
transistors are OFF and no current flows— regardless of 
changing states on the inputs. 


The difference in typical ratings is even more dramatic. 
When the memory is not selected, it is in the standby mode 
and draws minimum current. The maximum standby cur- 
rent for a typical 16k NMOS EPROM is 10 mA. The equiva- 
lent CMOS device has a maximum standby current rating 
of 1 fiA: 1/1000th of the NMOS rating. 


CMOS-NMOS INTERFACE COMPATIBILITY 

National’s CMOS EPROMs are designed to be compatible 
with NMOS EPROMs in pinout, drive capability and ac- 
cess speed. This allows direct replacement in systems 
where power consumption has grown to excessive levels 
with no penalty at all in performance. 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 


NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM 


Parameler/Order Number 

NMC27C1635 

NMC27C16-45 

NMC27C16H-45 

Access Time (ns) 

350 

450 

Vcc Power Supply 

5Vs5% 

5V±5% 


General Description 

The NMC27C16 is a high speed 16k UV erasabie and elec- 
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experi- 
mentation and low power consumption are important 
requirements. 

The NMC27C16 is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, microCMOS silicon gate technology. 


Block and Connection Diagrams 


Features 

■ Access time down to 350 ns 

■ Low CMOS power consumption 

Active power: 26.25 mW max 

Standby power: 0.53 mW max (98% savings) ■ 

■ Performance compatible to NSCSOO^^ CMOS 
microprocessor 

■ Single 5V power supply 

■ Extended temperature range available 
(NMC27C16E-45), -40°Cto ■f85'’C, 

450 ns ± 5% power supply 

■ 10 ms programming available (NMC27C16H-45), 
an 80% time savings 

■ Pin compatible to MM2716 and National’s higher 
density EPROMs 

■ Static— no clocks required 

■ TTL compatible inputs/outputs 

■ TRI-STATE® output 


Vrr n k DATA OUTPUTS O 0 -O 7 


Pin Names 


A0-A14 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

Oq-O? 

„ Outputs 

P^ 

Program 

NC 

No Connect 



27C256 

2725B 

27C128 

27128 

27C64 

2764 

27C32 

2732 

Vpp 

Vpp 

Vpp 


A12 

A12 

A12 


A7 

A7 

A7 

A7 

AS 

AS 

AS 

AS 

AS 

A5 

AS 

AS 

A4 

A4 

A4 

A4 

A3 

A3 

A3 

A3 

A2 

A2 

A2 

A2 

A1 

A1 

A1 

A1 

AO 

AQ 

AO 

AQ 

Oq 

Do 

Oo 

Oo 

0i 

0i 

0i 

Oi 

O 2 

02 

02 

02 

GND 

GND 

GND 

GND 


Dua!-lti-Line Package 




27C32 

2732 

27C64 

2764 

27C128 

27128 

27C256 

27256 



Vcc 

Vcc 

Vcc 



PGM 

P6M 

A14 

Vcc 

Vcc_ 

NC 

A13 

A13 

A8 

A8 

A8 

AB 

A8 

A9 

A9 

A9 

A9 

A9 

Vpp 

All 

All 

All 

All 

or 

01 /Vpp 

0! 

OE 

i 5 E 

AID 

AID 

A10 

AID 

AID 


CE 

CE 

Ce 

CE 

0; 

07 

Or 

07 

O 7 

06 

06 

06 

Oe 

06 

O 5 

O 5 

06 

06 

06 

O 4 

O 4 

O 4 

O 4 

O 4 

O 3 

O 3 

O 3 

O 3 

O 3 


NS Package Number J24A-Q ° ” ' ' 

Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16 pins. 
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NMC27C16 


Absolute Maximum Ratings (Note d 

Temperature Under Bias -10°Cto +80“C 

Storage Temperature -65°Cto + 125‘'C 

All Input Voltages with Respect 
to Ground + 6.5V to - 0.3V 

All Output Voltages with Respect 
to Ground Vqc + 0.3V to GND- 0.3V 

Vpp Supply Voltage with Respect 
to Ground During Programming + 26.5V to - 0.3V 
Power Dissipation 1.0W 

LeadTemperature(Soldering, lOseconds) 300°C 

READ OPERATION 

DC and Operating Characteristics 


Operating Conditions (Note o) 

Temperature Range 
NMC27C16-35, NMC27C16-45, 

NMC27C16H-45 0°Cto+70°C 

NMC27C16E-45 . -40'Gto+85°C 

Vcc Power Supply (Notes 2 and 3) 5V ± 5% 

Vpp Power Supply (Note 3) Vcc 


Symbol 

Parameter 

Conditions 

Min 

Typ (Note 4) 

Max 

Units 


Input Load Current 

V|N = Vcc or GND 



10 

mA 

mSi 

Output Leakage Current 

Vqut = Vcc or GND, CE = V|H 



10 


lcci (Note 3) 

Vcc Current (Active) 

TTL Inputs 

^ = ^ = V|L • 

Inputs = V|H or V|l, f = 1 MHz, 

1/0 = 0 mA 


2 

10 

mA 

Icc 2 (Note 3) 

Vcc Current (Active) 
CMOS Inputs 

^ = ^ = VIL, , 

Inputs = Vcc or GND 
f = .1 MHz, I/O = 0 mA 


1 

5 

mA 


Vcc Current (Standby) 

TTL Inputs 

ml 

II 

< 

X 


0.1 

1 

mA 

B 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.01 

0.1 

mA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voitage 


2.0 


Vcc+ 1 

V 

Vqli 

Output Low Voltage 

Iol = 2.1 mA 



0.45 

V 

Vqhi 

Output High Voltage 

Iqh = -400 /tA 

2.4 



V 

Vol2 

Output Low Voltage 

Icl = 0/‘A 



0.1 

V 

VoH 2 

Output High Voltage 

Ioh = 0mA 

< 

o 

o 

I 

o 



V 


AC Characteristics 


Symbol 

Parameter 

Conditions 

NMC27C16-35 

NMC27C16E-45 

NMC27C16.45 

NMC27C16H-45 

Units 

Min 

Max 

Min 

Max 

Ucc 

Address to Output Delay 

> 

II 

|UJ 

lo 

II 

|UJ 

lo 


350 


450 

ns 

'CE 

CE to Output Delay 

_i 

> 

II 

|UJ 

lo 


350 


450 

ns 

tcE 

Output Enable to 

Output Delay 

CE = V,l 


120 


120 

ns 

toF 

Output Enable High to 
Output Float 

-j 

> 

II 

IS 

0 

100 

0 

100 

ns 

toH (Note 5) 

Output Hold from 

Addresses, CE or OE, 
Whichever Occurred First 

_i 

> 

II 

|UJ 

lo 

II 

im 

lo 

0 


0 


ns 


10-4 


















































































































Capacitance (Note s) (Ta = + 25 '’c, f = i mhz) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

mm 

Input Capacitance 

> 

o 

II 

z 

> 

4 

6 

PF 

CouT 

Output Capacitance 

VoUT = 0V 

8 

12 

PF 


I AC Test Conditions 

OutputLoad 1TTLGateandC|. = 100pF 

Input Rise and Fall Times ^20 ns 

Input Pulse Levels 0.8Vto2.2V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms (Note 2) 



Note 1: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those indicated In the operational sections of this specification Is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2; V^c must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 3; Vpp may be connected to 'Jqc except during programming. Icci ^the sum of the I^q active and Ipp read currents. 

Note 4: Typical values are for Ta = -i- 25“C and nominal supply voltages. 

Note 5: This parameter is only sampled and is not 100% tested. 

Note 6: OE may be delayed up to tACC “ tOE after the falling edge of CE without impact on tACC- 
Note 7: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) - 0.10V 
Low to TRI-STATE, the measured Vqli (DC) -i- 0.10V 
Note 8: TRI-STATE may be attained using OE or CE. 

Note 9: The power switching characteristics of EPROMs require careful device decoupling. It Is recommended that a 0.1 liF ceramic capacitor be used on 
every device between Vqq and GND. 

Note 10: The NMC27C16 requires one address transition after initial power-up to reset the outputs. 

Note 11: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 
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NMC27C16 


PROGRAMMING CHARACTERISTICS {Note 1) 


DC Programming Characteristics (Notes 2 and 3) (Ta= +25°c±5°c, vcc=5v±5%,vpp=25v±iv) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

iS 

Input Current (for Any Input) 

ViN = Vcc orGND 



10 

mA 


Vpp Supply Current During 
Programming Pulse 

CE/PGM = V,h 



30 

mA 

BB 

Vcc Supply Current 




10 

mA 

V|L 

Input Low Level 

• 

-0.1 


0.8 

V 

V|H 

Input High Level 


2.0 


Vcc + 1 

V 


AC Programming Characteristics (Notes 2 and 3 ) (Ta= +25‘“c±5°c,vcc=5v±5%,vpp=25v±iv) 


Symbol 

Parameter 

Conditions 

NMC27C16 Devices 

NMC27C16H-45 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ias 

Address Set-Up Time 


2 



2 



MS 

lOES 

OE Set-Up Time 


2 



2 



MS 

Ids 

Data Set-Up Time 


2 



2 

. 


MS 

Iah 

Address Hold Time 


2 



2 



MS ■ 

tOEH 

OE Hold Time 


2 



2 



MS 

Idh 

Data Hold Time 


2 



2 



MS 

•of 

Output Enable to Output Float Delay 

CE/PGM = V|l 

0 


160 

0 


160 

ns 

•OE 

Output Enable to Output Delay 

CE/PGM = V|l 



160 



160 

ns 

tpw 

Program Pulse Width 


45 

50 

55 

9 

10 

11 

ms 

tpRT 

Program Pulse Rise Time 


5 



5 



ns 

tpFT 

Program Pulse Fall Time 


5 



5 



ns 


AC Test Conditions 

Vcc 5V ± 5% 

Vpp 25V ±1V 

Input Rise and Fall Times :<20ns 

Input Pulse Levels 0.8V to 2.2V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 
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Programming Waveforms (Note 3 ) (Vpp = 25 v ± i v, vcc = sv ± 5%) 



Note: All times shown In parentheses are minimum and in unless otherwise specified. 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vqc niust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C16 must not be inserted into or removed 
from a board with Vpp at 25V ± 1V to preveht damage to the device. 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply 
to prevent overshoot exceeding this 26V maximum specification. A 0.1 jiF capacitor is required across Vpp, Vcc to GND to suppress spurious voltage tran- 
sients which may damage the device. 



I 
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NMC27C16 


Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C16 are iistedjn 
Table I. It should be noted that all inputs for the five mod*es 
are at TTL levels. The power supplies required are a 5V Vcc 
and a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 


Read Mode 

The NMC27C16 has two control functions, both of which 
must be logically achve in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (t acc) is equal to the delay 
from CE to output (tcE)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least t Acc-toE- 
The NMC27C16 requires one address transition after in- 
itial power-up to reset the outputs. 


Standby Mode 

The NMC27C16hasastandbymode which reduces the ac- 
tive power dissipation by 98%, from 26.25 mW to 0.53 mW. 
The NMC27C16 is placed in the standby mode by applying 
a TTL high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 


Output OR-Tying 

Because NMC27C16s are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 


To most efficie£idy use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while SE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby modes and that the output pins 
are active only when data is desired from a particular 
memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the 
NMC27C16. 

Initially, and after each erasure, all bits of the NMC27C16 
are in the “1” state. Data is introduced by selectively pro- 
gramming “Os” into the desired bit locations. Although 
only “Os” will be programmed, both “Is” and “Os” can be 
presented in the data word. The only way to change a “0” 
to a “1” is by ultraviolet light erasure. 

The NMC27C16 is in the programming mode when the Vpp 
power supply is at 25V and OE is at V|h. It is required that a 
0.1 lif capacitor be placed across Vpp, Vcc to ground to 
suppress spurious voltage transients which may damage 
the device. The data to be programmed is applied 8 bits in 
parallel to the data output pins. The levels required for the 
address and data inputs are TTL. 

When the address and data are stable, a 50 ms (10 ms for 
the NMC27C16H-45), active high, TTL program pulse is 
applied to the CE/PGM input. A program pulse must be 
applied at each address location to be programmed. You 
can program any location at any time— either individu- 
ally, sequentially, or at random. The program pulse has a 
maximum width of 55 ms (1 1 ms for the NMC27C16H-45). 
The NMC27C16 mus^ot be programmed with a DC 
signal applied to the CE/PGM input. 

Programming multiple NMC27C16s in parallel with the 
same data can be easily accomplished due to the simplic- 
ity of the programming requirements. Like inputs of the 
paralleled NMC27C16S may be connected together when 
they are programmed ^th the same data. A high level TTL 
pulse applied to the CE/PGM input programs the paral- 
leled NMC27C16S. 


TABLE I. MODE SELECTION 


Pins 

CE/PGM 

OE 

Vpp 

Vcc 

Outputs 

Mode 

(18) 

(20) 

(21) 

(24) 

(9-11,13-17) 

Read 

V|L 

V|L 

Vcc 

5 

Dqut 

Standby 

V|H 

Don’t Care 

Vcc 

5 

Hi-Z 

Program 

Pulsed V(L to V|H 

V|H 

25 

5 

Din 

Program Verify 

V|L 

V,L 

25 

5 

Dqut 

Program Inhibit 

V|L 

V,H 

25 

5 

Hi-Z 
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Functional Description (Continued) 


Program Inhibit 

Programming multiple NMC27C16s in parallel with dif- 
ferent data is also easily accomplished. Except for 
CE/PGM, all like inputs (including OE) of the parallel 
NMC27C16S may be common. A TTL level program pulse 
applied to an NMC27C16’s CE/PGM input with Vpp at 25V 
will program that NMC27C16. A low level CE/PGM input in- 
hibits the other NMC27C16 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at VcC' 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C16 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the SOOOA -4000 A 
range. Data shows that constant exposure to room-level 
fluorescent lighting could erase the typical NMC27C16 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the NMC27C16 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C16 window to prevent 
unintentional erasure. Covering the window will also pre- 
vent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27C16 
is exposure to short wave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for erasure should be a 
minimum of 15W-sec/cm^. The erasure time with this dos- 
age is approximately 21 minutes using an ultraviolet lamp 
with a 12,000 /iW/cm^ power rating. The NMC27C16 should 


be placed within 1 inch of the lamp tubes during erasure. 
Some lamps have a filter on their tubes which should be 
removed before erasure. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 


SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice- 
has three segments that are of interest to the system 
designer — the standby current level, the active current 
level, and the transient current peaks that are produced on 
the falling and rising edgesof chipenable.Themagnitude 
of these transient current peaks is dependent on the out- 
put capacitance loading of the device. The associated 
transient voltage peaks can be suppressed by properly 
selected decoupling capacitors. It is recommended that a 
0.1 /jF ceramic capacitor be used on every device between 
Vec and GND. This should be a high frequency capacitor 
of low inherent inductance. In addition, a 4.7 /iF bulk elec- 
trolytic capacitor should be used between Vec and GND 
for each eight devices. The bulk capacitor should be 
located near where the power supply is connected to the 
array. The purpose of the bulk capacitor is to overcome the 
voltage droop caused by the inductive effects of the PC 
board traces. 
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NMC27C32 


National 

PRELIMINARY 

V / 

iCi Semiconductor 

microCMOS 


NMC27C32 32,768-Bit (4096 x 8) UV Erasable CMOS PROM 



General Description 

The NMC27C32 is a high speed 32k UV erasabie and elec- 
tricaiiy reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experi- 
mentation and low power consumption are important 
requirements. 

The NMC27C32 is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, microCMOS silicon gate technology. 

Features 

■ Access time down to 350 ns 

■ Low CMOS power consumption 

Active power; 26.25 mW max 

Standby power: 0.53 mW max (98% savings) 


■ Performance compatible to NSC800™ CMOS 
microprocessor 

■ Single 5V power supply 

H Extended temperature range available 
(NMC27C32E-45), -40°Cto -fSS'C, 

450 ns ±5% power supply 

■ 10 ms programming available (NMC27C32H-45), 
an 80% time savings 

■ Pin compatible to NMC2732 and National’s higher 
density EPROMs 

■ Static— no clocks required 

■ TTL compatible inputs/outputs 

■ Two-line control 

■ TRI-STATE® output 


Block and Connection Diagrams 


Pin Names 


A0-A14 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

Oq-O? 

Outputs 

P^ 

Program 

NC 

No Connect 




NS Package Number J24A-Q 




Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C32 pins. 
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+ 6.5V to -0.3V 


Vcc + 0.3VtoGND-0.3V 


Absolute Maximum Ratings (Note d 

Temperature Under Bias -tO'Cto +80°C 

Storage Temperature -65°Cto + 125°C 

All Input Voltages with 
Respect to Ground 
All Output Voltages with 
Respect to Ground 
Vpp Supply Voltage with Respect 
to Ground During Programming + 26.5V to - 0.3V 

Power Dissipation 1.0W 

Lead Temperature (Soldering, 10 seconds) SOO’C 

READ OPERATION 

DC and Operating Characteristics 


Operating Conditions (Note 7) 


Temperature Range 
NMC27C32-35, NMC27C32-45, 
NMC27C32H-45 
NMC27C32E-45 
Vcc Power Supply 


0°Cto +70"C 
-40°Cto +85*0 
5V±5% 


Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|H = Vcc Of GND 



10 

fiA 

■ lo 

Output Leakage Current 

VouT = Vcc or GND, CE = V|H 



10 

mA 

Icci 

Vcc Current (Active) 

TTL Inputs 

OE = CE = V|l 

Inputs = V|H or V|l, f = 1 MHz 

1/0 = 0 mA 


2 

10 

mA 

ICC2 

Vcc Current (Active) 
CMOS Inputs 

OE = CE = Vil . 

Inputs = Vcc or GND, f = 1 MHz 
1/0 = 0 mA 


1 

5 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

C>| 

ml 

II 

< 

T 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

0| 

ml 

II 

< 

o 

o 


0.01 

0.1 

mA 

VlL 

Input Low Voltage 


-0.1 


0.8 


V|H 

Input High Voltage 


2.0 


Vcc + 1 


VOLI 

Output Low Voltage 

Iol = 2.1 mA 



0.45 


VoHI 

Output High Voltage 

Iqh = — 400/iA 

2.4 



V 

VoL2 

Output Low Voltage 

101 = 0/*^ 



0.1 

SI 

VoH2 

Output High Voltage 

Ioh = 0/xA 

< 

o 

o 

1 

p 





AC Characteristics 


Symboi 

Parameter 

Conditions 

NMC27C32-35 

NMC27C32E-45 

NMC27C32-45 

NMC27C32H-45 

Units 

Min 

Max 

Min 

Max 

Iacc 

Address to Output Delay 

n 

> 

II 

lo 

II 

IIO 

lo 


350 


450 

ns 

‘CE 

CE to Output Delay 

-i 

> 

II 

|UJ 

lo 


350 


450 

ns 

toE 

OE to 

Output Delay 

ml 

11 

< 

i- 


150 


150 

ns 

'df 

OE High to 

Output Float 

^1 

ml 

II 

< 

F 

0 

130 

0 

130 

ns 

toH (Note 3) 

Output Hold from 
Addresses, CE or OE, 
Whichever Occurred First 

_i 

> 

II 

lUJ 

10 

11 
|UJ 

lo 

0 


0 


ns 
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NMC27C32 


Capacitance (Note 3) (Ta= +25°c, f=i mhz) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 


Input Capacitance 
Except OE/Vpp 

V|N = 0V 

4 

6 

PF 

C|N2 

OE/Vpp Input 
Capacitance 

VtN = 0V 


20 

PF 

CquT 

Output Capacitance 

VouT = 0V 

8 

12 

pF 


AC Test Conditions 

Output Load 1TTLGateandCL = 100pF 

Input Rise and Fall Times <20ns 

Input Pulse Levels 0.45\/to2.4V 

Timing Measurement Reference Level 

Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 



ADDRESSES 

VALID 



^ . 

/ 

i* tCE ^ 




/ 


tDF (NOTE 5) - 


VALID OUTPUT 

3 



■■imwwwwv 


1 - tACC (NOTE 4) 



tOH 



Note 1: Stresses above those listed under "Absolute Maximum Ratings" may Cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta =+ 25’C and nominal supply voltages. 

Note 3: This parameter is only sampled and Is not 100% tested. 

Note 4: OE may be delayed up to tACC~*OE falling edge of CE without impacting tACC- 

Note 5: The toF compare level Is determined as follows: 

High to TRI-STATE, the measured VoHi (DC)- 0.10V 
Low to TRI-STATE, the measured Vqli (DC) -(■ 0.10V 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 iiF ceramic capacitor be used on 
every device between Vqq and GND. 

Note 8: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 
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PROGRAMMING (Note 1) 

DC Programming Characteristics (Notes 2 and 3) (Ta= +25°c±5‘’c,vcc=5v±5%,vpp=25v±iv) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

III 

Input Current (All Inputs) 

V|N ~ Vcc or GND 



10 

aA 

Vql 

Output Low Voltage During Verify 

Iol = 2.1 mA 



0.45 

V 

< 

0 

X 

Output High Voltage During Verify 

Iqh = ~ fiA 

2.4 



V 

HS 

Vcc Supply Current 



2 

10 

mA 


Input Low Level (All Inputs) 


-0.1 


0.8 

V 


Input High Level (All Inputs Except OE/Vpp) 


2.0 


Vcc + ^ 

V 

ss 

Vpp Supply Current 

Cl = V|L,OE = Vpp 



30 

mA 

AC Programming Characteristics (Ta= +25"c±5'c,vcc=5v±5%,vpp=25v±iv) 

Symbol 

Parameter 

Conditions 

NMC27C32 Devices 

NMC27C32H-45 


Min 

Typ 

Max 

Min 

Typ 

Max 


Us 

Address Set-Up Time 


2 



2 



IxS 

Ues 

OE Set-Up Time 


2 



2 



AS 

Ids 

Data Set-Up Time 


2 



2 



AS 

Uh 

Address Hold Time 


0 



0 



AS 

toEH 

^ Hold Time 


2 



2 



AS 

Uh 

Data Hold Time 


2 



2 



AS 

Uf 

Chip Enable to Output Float Delay 


0 


130 

0 


130 

ns 

Uv 

Data Valid from CE 




1 



1 

AS 

tpw 

CE Pulse Width During Programming 


45 

50 

55 

g 

10 

11 

ms 

tpRT 

OE Pulse Rise Time During Programming 


50 



50 



ns 

Ur 

Vpp Recovery Time 


2 



2 



AS 


AC Test Conditions 

Vcc 5V±5% 

Vpp 25V±1V 

Input Riseand FallTimes 520ns 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 
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NMC27C32 


Programming Waveforms (Note 3) 



TL/D/5274-4 


Note; All times shown in parentheses are minimum and in jis unless otherwise specified. 
The input timing reference level is 1 V for a V|l and 2V for a V|n. 


Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: V^c must be appiied simuitaneousiy or before Vppand removed simultaneousiy or after Vpp. The NMC27C32 must not be inserted into or removed 
from a board with Vpp at 25V ± 1V to prevent damage to the device. 

Note 3: The maximum ailowable voltage which may beapplied to the Vpp pin during programming is 26V. Care must betaken when switching the Vpp suppiy 
to prevent overshoot exceeding this 26V maximum specification. A 0.1 /tF capacitor is required across Vpp, Vcc fo GND to suppress spurious voitage tran- 
sients Which may damage the device. 


10-14 



Functional Description 


DEVICE OPERATION 

The five modes of operation of the NMC27C32 are listed in 
Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp during 
programming. In the program mode the OE/Vpp input is 
pulsed from a TTL level to 25V. 


Read Mode 

The NMC27C32 has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are staWe, address access time (t acc) is equal to the delay 
from CE to output (tcE)- Data is available at the outputs 
after the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least tAcc-toE- 


Standby Mode 

The NMC27C32 has a standby mode which reduces the ac- 
tive power dissipation by 98%, from 26.25 mW to 0.53 mW. 
The NMC27C32 is place^ the standby mode by applying 
a TTL high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 


Output OR-Tying 

Because EPROMS are usually used in larger memory ar- 
rays, National has provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded an^sed as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby modes and that the output pins 
are active only when data is desired from a particular 
memory device. 


Programming 

CAUTION: Exceeding 26.5V on pin 20(Vpp) will damage the 
NMC27C32. 

Initially, and after each erasure, all bits of the NMC27C32 
are in the “1” state. Data is introduced by selectiveiy pro- 
gramming “Os” into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” can be 
presented in the data word. The only way to change a “0” 
to a “1” is by ultraviolet light erasure. 

The NMC27C32 is in the programming mode when the 
OE/Vpp input is at 25V . It is required that a 0.1 nF capacitor 
be placed across OE/Vpp, Vcc, and ground to suppress 
spurious voltage transients which may damage the de- 
vice. The data to be programmed is applied 8 bits in paral- 
lel to the data output pins. The levels required for the 
address and data inputs are TTL. 

When the address and data are stabie, a 50 ms (10 ms for 
the NMC27C32I-I-45), active low, TTL program pulse is 
applied to the CE input. A program pulse must be ap- 
plied at each address location to be programmed. You 
can program any iocation at any time— either individu- 
ally, sequentially, or at random. The program pulse has a 
maximum width of 55 ms (11 ms for the NMC27C32H-45). 
The NMC27C32 mus^ot be programmed with a DC 
signal applied to the CE input. 

Programming of multiple NMC27C32s in parallel with the 
same data can be easily accomplished due to the simplic- 
ity of the programming requirements. Like inputs of the 
paralieled NMC27C32s may be connected together when 
they are programmed wit h the same data. A low level TTL 
pulse applied to the CE input programs the paralleled 
NMC27C32S. 

Program Inhibit 

Programming multiple NMC27C32s in parallel with dif- 
ferent data is also easj|y accomplished. Except for CE, all 
like inputs (including OE) of the parallel NMC27C32s may 
be common. A TTL level program pulse applied to an 
NMC27C32’s CE input with OE/Vpp at 25V wili program 
that NMC27C32. A high level CE input inhibits the other 
NMC27C32S from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OE/Vpp and CE at V|l- Data 
should be verified tov after the falling edge of CE. 


TABLE I. MODE SELECTION 


Pins 

CE 

OE/Vpp 

< 

O 

o 

Outputs 

Mode 

(18) 

(20) 

(24) 

(9-11,13-17) 

Read 

V|L 

V,L 

5 

Dour 

Standby 

V|H 

Don’t Care 

5 

Hi-Z 

Program 

V|L 

Vpp 

5 

Din 

Program Verify 

V|L 

V,L 

5 

Dour 

Program Inhibit 

V|H 

Vpp 

5 

Hi-Z 
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Functional Description (Continued) 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C32 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000 A -4000 A 
range. Data shows that constant exposure to room-level 
fluorescent lighting could erase the typical NMC27C32 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the NMC27C32 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C32 window to prevent 
unintentional erasure. Covering the window will also pre- 
vent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27C32 
is exposure to shortwaye ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for erasure should be a 
minimum of 15W-sec/cm^. The erasure time with this dos- 
age is approximately 21 minutes using an ultraviolet lamp 
wifha12,000/tW/cm^, power rating. The NMC27C32 should 
be placed within 1 inch of the lamp tubes during erasure. 
Some lamps have a filter on their tubes which should be 
removed before erasure. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 


When a lamp Is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been erron- 
eously suspected when incomplete erasure was the 
problem. 


SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icci 
has three segments that are of interest to the system 
designer— the standby current level, the active current 
level, and the transient current peaks that are produced on 
the falling and rising edges of chip enable. The magnitude 
of these transient.current peaks is dependent on the out- 
put capacitance loading of the device. The associated 
transient voltage peaks can be suppressed by properly 
selected decoupling capacitors. It is recommended that a 
0.1 nF ceramic capacitor be used on every device between 
Vcc and GND. This should be a high frequency capacitor 
of low inherent inductance. In addition, a 4.7 /iP bulk elec- 
trolytic capacitor should be used between Vcc and GND 
for each eight devices. The bulk capacitor should be 
located near where the power supply is connected to the 
array. The purpose of the bulk capacitor is to overcome the 
voltage droop caused by the inductive effects of the PC 
board traces. 
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Introduction 

National’s family of COPS microcontrollers provides a 
flexible, cost-effective solution for all types of applica- 
tions that require timing, counting, and other control func- 
tions. These microcontrollers can replace discrete logic, 
miniaturize, reduce component count, and/or add fea- 
tures in a wide variety of applications ranging from indus- 
trial systems to consumer products. 

The COPS family w/as designed with the industry’s most 
ROM-efficient instruction set. The result is that this con- 
troller often requires significantly less ROM to carry out a 
set of tasks than other 4-bit or 8-bit devices. The family 
incorporates: 

• a common instruction set, 

• a common architecture, 

• a common pinout. 

As your program progresses, COPS enables you to select 
the optimum device for the application. It is easy for a 
designer to vary the amount of 0.5k to 2k x 8 ROM and 32k 
to 128k X 4 RAM by simply specifying* a different part 
number— the pinouts stay common. These package op- 
tions, together with National’s MICROWIRE serial com- 
munications protocol (which saves I/O lines and allows 
smaller packages), allow COPS to provide more features 
and more capabilities in your final product— and at the 
lowest possible cost. 


USER SELECTABLE POWER CONSUMPTION 

The device power consumption is truiy selectable by the 
choice of power supply voltage and operating clock fre- 
quency. The devices operate over a wide range of power 
supply voltages, 2.4V to 5.5V, and operate over a wide 
range of clock frequency, DC to 4 MHz (this is as fast as 
NMOS COPS). The minimum power dissipation of 15 /iW 
max occurs when the device is put into the halt mode 
(oscillator stopped). The device can easily be put into the 
halt mode by either a halt instruction or by forcing CKO 
high. 

A unique feature of the COP424C and COP444C family of 
devices is the dual oscillator option. Under software control 
a DO oscillator can be selected or a CKI oscillator. For exam- 
ple, a 1 MHz RC oscillator crrcuit could be selected as the 
DO oscillator and a much lower frequency (i.e., 32 kHz) 
oscillator to CKI. The DO oscillator would be selected where 
high speed processing is needed and the much lower fre- 
quency oscillator when minimum current drain and pos- 
sibly only timekeeping is needed. 


microCMOS COPS FOR EXTENDED TEMPERATURE 
RANGES 

The microCMOS process allows extending the operating 
temperature range of the new COPS products from - 55'’C 
to -i-125‘’C. Now COPS address the harsh environment 
presented by both military and automotive applications. 
Special COPS devices will also be available that are proc- 
essed to MIL-STD-883B. 

TOTAL CMOS COPS DEVELOPMENT SUPPORT 

The MOLE (Microcontroller On Line Emulator)* develop- 
ment system brings dedicated support to the COPS CMOS 
family of microcontrollers. Comprised of a brain board, 
personality board, software, and a choice of host com- 
puters, the new system lets you cross-assemble and 
download your program to the MOLE boards and perform 
real-time in-circuit emulation. 

The MOLE system offers a low entrance cost by working 
with the host computer to reduce hardware and software 
duplication. By using the familiar host computer to do pro- 
gram editing and disk loading, the need to learn a new 
computer system is eliminated; code development is com- 
pleted more rapidly. 

MOLE software runs with a variety of host computers 
Including National’s STARPLEX I, STARPLEX II and 
COP400-PDS I/ll, the popular Intellec Series II and MDS800 
and other CP/M-80® systems, and even some popular per- 
sonal computers. 

Once the program is assembled, the code is downloaded 
over an RS-232 link to the MOLE brain and COPS CMOS 
personality board. The resident firmware then allows the 
MOLE to operate in a free-standing workstation mode by 
connecting a CRT (and printer, if hard copy is desired). 

The MOLE has powerful debugging tools in the worksta- 
tion mode including trace memory, multiple breakpoints, 
and single-step diagnostics, in addition to internal 
register and shared memory modifications. 

The MOLE CMOS COPS system emulates the halt and idle 
on timer instructions important to power-down modes, as 
well as allowing Vcc operating voltages down to 2.7V. Ad- 
ditionally, the MOLE emulates the option configuration 
commands for dual clock, internal/external events. 
Microbus and frequency divide-by. These features ensure 
that the CMOS chip selected will be properly emulated in 
the circuit. The MOLE development system is ready to 
meet the needs of the CMOS design engineer, and 
remember, the MOLE also supports NMOS COPS and 
TMP. 

‘See data sheet, pg. 13-11, In Section 13 of this databook. 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 


COP404C ROMIess CMOS Microcontrollers 


General Description 

The COP404C ROMIess Microcontroller is a member of the 
COPSTM family, fabricated using double-poly, silicon gate 
CMOS (microCMOS) technology. The COP404C contains 
CPU, RAM, I/O and is identical to a COP444C device ex- 
cept the ROM has been removed and pins have been add- 
ed to output the ROM address and to input the ROM data. 
The COP404C can be configured, by means of external 
pins, to function as a COP444C, a COP424C, or a 
COP410C. Pins have been added to allow the user to select 
the various functional options that are available on the fami- 
ly of mask-programmed CMOS parts. The COP404C is pri- 
marily intended for use in the development and debug of a 
COP program for the COP444C/445C, COP424C/425C, 
and COP410C/41 1C devices prior to masking the final part. 
The COP404C is also appropriate in low volume applica- 
tions or when the program might be changing. 


Features 

■ Accurate emulation of the COP444C, COP424C and 
COP410C 

■ Lowest Power Dissipation (50 jitW typical) 

■ Fully static (can turn off the clock) 

■ Power saving IDLE state and HALT mode 

■ 4 p,s instruction time, plus software selectable clocks 

■ 128 X 4 RAM, addresses 2k X 8 ROM 

■ True vectored interrupt, plus restart 

■ Three-level subroutine stack 

■ Single supply operation (2.4V to 5.5V) 

■ Programmable read/write 8-bit timer/event counter 

■ Internal binary counter register with MICROWIREtm 
serial I/O capability 

■ General purpose and TRI-STATE® outputs 
a LSTTL/CMOS compatible 

■ MICROBUS™ compatible 

■ Software/hardware compatible with other members of 
the COP400 family 
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COP404C 


Absolute Maximum Ratings 




Supply Voltage 

6V Operating temperature range 

0° 

p 

b 

+ 

o 

Voltage at any pin - 0.3V to Vcc + 0.3V Storage temperature range 

-65‘’Cto -f 150°C 

Total Allowable Source Current 

25 mA Lead temperature (soldering, 1 0 sec.) 

300°C 

Total Allowable Sink Current 

25 mA 




DC Electrical Characteristics o°c^Ta^70'’c unless otherwise specified 



Parameter 

Conditions 

Min 

Max 

Units 

Operating Voltage 



5.5 


Power Supply Ripple 
(Note 5) 

peak to peak 

■■ 

0.1 Vcc 

H 

Supply Current 

Vcc - 2.4 V, tc= 64 fxs 


120 

juA 

(Note 1) 

Vcc = 5.0 V, tc = 1 6 fis 


700 

fiA 


Vcc = 5.0V, tc=4 JUS 
(Tc is instruction cycle time) 


3000 

juA 

HALT Mode Current 

Vcc = 5.0 V, Fin = 0 kHz 


40 

pA , 

(Note 2) 

Vcc = 2.4V, F|n= 0 kHz 


12 

juA 

Input Voltage Levels 

RESET, DO (clock input) 

CKI 





Logic High 


0.9 Vcc 


V 

Logic Low 



0.1 Vcc 

V 

All other inputs (Note 7) 

Logic High 


0.7 Vcc 


V 

Logic Low 



0.2 Vcc 

V 

Input Pull-up 
current 

Vcc=4.5V,V|n=0 

30 

330 

juA 

Hi-Z input leakage 


-1 

-t-1 

juA 

Input capacitance 
(Note 4) 



7 

PF 

Output Voltage Levels 

Standard outputs 




LSTTL Operation 

Vcc = 5.0V ±5% 




Logic High 

IOH= “100 /i,A 

2.7 


V 

Logic Low 

CMOS Operation 

Iol“400 jxA 


0.4 

•V 

Logic High 

IOH=-10iuA 

CM 

O 

1 

o 

o 

> 


V 

Logic Low 

Iol = 10|uA 


0.2 

V 

Output current levels 





Sink (Note 6) 

Vcc = 4.5 V. Vqut = Vcc 

1.2 


mA 


Vcc = 2.4 V, VouT = Vcc 

0.2 


mA 

Source (Standard option) 

Vcc = 4.5V, VouT=0V 

0.5 


mA 


Vcc = 2.4V, VouT OV 

0.1 


mA 

Source (Low current option) 

Vcc = 4.5V. VouT=0V 

30 

330 

juA 


Vcc = 2.4V. VouT=0V 

6 

80 

pA 

Allowable Sink/Source current per pin 
(Note 6) 



5 

mA 

Allowable Loading on CKOH 



100 

pF 

Current needed to over-ride HALT 





(Note 3) 

To continue 

Vcc = 4.5V, V|N = 2Vcc 


■■ 

mA 

To halt 

Vcc = 4.5V, V|N = 7Vcc 



mA 

TRI-STATE leakage current 


-2.5 

-1-2.5 

juA 

Note; Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications are not ensured when 

operating the device at absolute maximum ratings. 
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COP404C 

AC Electrical Characteristics 0°C^Ta^ 70°C unless otherwise specified 


Parameter 

Conditions 

Min 

Max 

Units 

Instruction Cycle 

Vcc^4.5V 

4 ' 

DC 

p.S 

Time (tc) 

4.5V>Vcc^2.4V 

16 

DC 

ns 

Operating CKI 

Vcc^^.BV 

DC 

1.0 

MHz 

Frequency 

4.5V>Vcc^2.4V 

DC 

250 

HSaSil 

Duty (Dycle (Note 4) 

fl=4MH2 

40 

60 

% 

Rise Time (Note 4) 

fi = 4 MHz external clock 


60 

ns 

Fall Time (Note 4) 

fi = 4 M Hz external clock 


40 

ns 

Instruction Cycle 

R = 30k. Vcc=5V 




Time using DO as a 

C = 82 pF 

8 

16 

ps 

RC Oscillator Dual- 





Clock Input (Note 4) 





INPUTS: (Sqq Fig. 3) 

‘setup 

‘hold 

G Inputs 1 

SI Input Vrr^4 5V 

IP Input [ vcc^^.ov 

All Others J 

Vcc^4.5V 

4.5V>Vcc^2.4V 

Tc/4-t-.7 

0.3 

1.0 

1.7 

0.25 

1.0 


flS 

flS 

JXS 

jltS 

JLtS 

fiS 

OUTPUT 

PROPAGATION DELAY 

VouT = T5V.Cl = 100pF. Rl=5K 




IP7-IP0. A10-A8. SKIP 
‘PD1.‘PD0 

Vcc^4.5V 

4.5V>Vcc^2.4V 


1.94 

7.75 

p.s 

JLlS 

AD/DATA 

‘PD1.‘PD0 

Vcc ^ 4.5V 

4.5V>Vcc^2.4V 


375 

1.5 

ns 

ps 

ALL OTHER OUTPUTS 
‘PD1.‘PD0 

Vcc>4.5V 

4.5V>Vcc^2.4V 


1.0 

4.0 

ns 

ns 

MICROBUS TIMING 

Read Operation (Fig. 4) 

Cl = 50 pF,Vcc=5V±5% 




Chip select stable before RD -tcsR 


65 


ns 

Chip select hold time for RD -tRcs 


20 


ns 

RD pulse width -tpR 


400 


ns 

Data delay from RD -tpo 



375 

ns 

RD to data floating -top (Note 4) 



250 

ns 

Write Operation {Fig. 5) 





Chip select stable before WR -tcsw 


65 


ns 

Chip select hold time for WR -twcs 


20 


ns 

WR pulse width -tyyw 


400 


ns 

Data set-up time for WR -tow 


320 


ns 

Data hold time for WR - two 


100 


ns 

INTR transition time from WR -twi 



700 

ns 


Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI and all other pins pulled up to Vcc with 20k resistors. See 
current drain equation on page 16. 

Note 2: Test conditions: All inputs tied to Vccl t. lines in TRI-STATE mode and tied to Ground; all outputs tied to Ground. 

Note 3: When forcing HALT, current Is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4; This parameter Is only sampled and not 100% tested. 

Note 5: Voltage change must be less than 0.5 volts in a 1 ms period. 

Note 6; SO output sink current must be limited to keep Vql lass than 0.2 Vcc to prevent entering test mode. 

Note 7: fJB. TiN. DDal, SEOo. 5EL20, input levels at Vcc or Vss. 
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Connection Diagram 



TOP VIEW 


TL/B/5S30-2 

Order Number COP404CD or COP404CN 


Pin 

Description 

Vcc 

Most positive voltage 

Vss 

, Ground 

CKI 

Clock input 


Reset input 

CKOI 

General purpose input 

L0-L7 

8 TRI-STATE I/O 

G0-G3 

4 general purpose I/O 

D1-D3 

3 general purpose outputs 

DO 

Either general purpose output 
or Dual-Clock RC input 

IN0-IN3 

4 general purpose inputs 

SO 

Seriai data output 

SI 

Serial data input 

SK 

Seriai data clock output 

IP0-IP7 

I/O for ROM address and data 

A8, A9. A10 

3 address outputs 

SKIP . 

Skip status output 

AD/DATA 

Clock output 

MB , 

MICROBUS select input 

CKOH 

Halt I/O pin 

DUAL 

Dual-Clock select input 

Tin 

Timer input select pin 

SEL10 

COP410C emulation select input 

SEL20 

COP424C emulation select input 

UNUSED 

Ground 


See NS Package D48A or N48A FIGURE 2 


The internal architecture is shown in Figure 1. Data paths 
are illustrated in simplified form to depict how the various 
logic elements communicate with each other in impiement- 
ing the instruction set of the device. Positive logic is used. 
When a bit is set, it is a logic “1”, when a bit is reset, it is a 
logic “0”. 

PROGRAM MEMORY 

Program Memory consists of a 2048-byte external memory 
(typically PROM). Words of this memory may be program 
instructions, constants or ROM addressing data. 

ROM addressing is accompiished by a 11-bit PC register 
which selects one of the 8-bit words contained in ROM. A 
new address is loaded into the PC register during each in- 
struction cycle. Unless the instruction is a transfer of control 
instruction, the PC register is loaded with the next sequen- 
tial 1 1-bit binary count value. 

Three levels of subroutine nesting are implemented by a 
three level deep stack. Each subroutine cali or interrupt 


pushes the next PC address into the stack. Each return 
pops the stack back into the PC register. 

DATA MEMORY 

Data memory consists of a 512-bit RAM, organized as 8 
data registers of 1 6 x 4-bit digits. RAM addressing is imple- 
mented by a 7-bit B register whose upper 3 bits (B^) select 1 
of 8 data registers and lower 4 bits (Bd) select 1 of 1 6 4-bit 
digits in the selected data register. While the 4-bit contents 
of the selected RAM digit (M) are usually loaded into or 
from, or exchanged with, the A register (accumulator), it 
may also be loaded into or from the Q latches or T counter 
or loaded from the L ports. RAM addressing may also be 
performed directly by the LDD and XAD instructions based 
upon the immediate operand field of these instructions. The 
Bd register also sen/es as a source register for 4-bit data 
sent directly to the D outputs. 
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c. Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon popping of the 
stack. For example, if an interrupt occurs during the exe- 
cution of an ASC (Add with Carry, Skip on Carry) instruc- 
tion which results in carry, the skip logic status is saved 
and program control is transferred to the interrupt servic- 
ing routine at hex address OFF. At the end of the interrupt 
routine, a RET instruction is executed to pop the stack 
and return program control to the instruction following the 
original ASC. At this time, the skip logic is enabled and 
skips this instruction because of the previous ASC carry. 
Subroutines should not be nested within the interrupt 
.service routine, since their popping of the stack will en- 
able any previously saved main program skips, interfering 
with the orderly execution of the interrupt routine. 

d. The instruction at hex address OFF must be a NOP. 

e. An LEI instruction may be put immediately before the 
RET instruction to re-enable interrupts. 


MICROBUS INTERFACE 

With MB pin tied to Ground, the COP404C can be used as a 
peripheral microprocessor device, inputting and outputting 
data from and to a host microprocessor (;iP). IN1, IN2 and 
IN3 general purpose inputs become MICROBUS compatible 
read-strobe, chip-select, and write-strobe lines, respectively. 
IN1 becomes RD — a logic "O" on this input will cause Q 
latch data to b^nabled to the L ports for input to the p.P. 
IN2 becomes CS — a logic “0" on this line selects the 
COP404C and the ^iP peripheral device by enabling the op- 
eration of the RD and WR lines and allows for the selection 
of one of several peripheral components. IN3 becomes WR 
— a logic “0" on this line will write bus data from the L ports 
to the Q latches for input to the COP404C. GO becomes 
INTR a "ready” output, reset by a write pulse from the p,P 
on the WR line, providing the “handshaking” capability nec- 
essary for asynchronous data transfer between the host 
CPU and the COP404C. 

This option has been designed for compatibility with Nation- 
al’s MICROBUS - a standard interconnect system for 8-bit 
parallel data transfer between MOS/LSI CPUs and interfac- 
ing devices. (See MICROBUS National Publication). The 
functioning and timing relationships between the signal lines 
affected by this option are as specified for the MICROBUS 
interface, and are given in the AC electrical characteristics 
and shown in the timing diagrams {Figures 4 and 5). Con- 
nection of the COP404C to the MICROBUS is shown in Fig- 
ure 6. 


SUPPLY CLOCK 



TL/B/5530-7 

FIGURE 6. MICROBUS Option Interconnect 


INITIALIZATION 

The external RC netw ork shown in Figure 7 must be con- 
nected to the RESET pin for the internal reset logic to initial- 
ize the device upon power-up. The RESET pin is configured 
as a Schmitt trigger input. If not used, it should be connect- 
ed to Vcc- Initi alization will occur whenever a logic ”0” is 
applied to the RESET input, providing it stays low for at 
least three instruction cycle times. 

Upon initialization, the PC register is cleared to 0 (ROM ad- 
dress 0) and the A, B, C, D, EN, IL, T and G registers are 
cleared. The SKL latch is set, thus enabling SK as a clock 
output. Data Memory (RAM) is not cleared upon initializa- 
tion. The first instruction at address 0 must be a CLRA 
(clear A register). 



RC 2SX POWER SUPPLY RISE TIME 
AND RC2l0aX CKI PERIOD. 

TL/B/5530-8 

FIGURE 7. Power-Up Circuit 

TIMER 

There are two modes selected by TIN pin: 

a) Time-base counter (TIN pin low). In this mode, the in- 
struction cycle frequency generated from CKI passes 
through a 2-bit divide-by-4 prescaler. The output of this 
prescaler increments the 8-bit T counter thus providing a 
10-bit timer. The prescaler is cleared during execution of 
a CAMT instruction and on reset. For example, using a 
1 MHz crystal, the instruction cycle frequency of 250 kHz 
(divide by 4) increments the 10-bit timer every 4 p,S. By 
presetting the counter and detecting overflow, accurate 
timeouts between 16 jaS (4 counts) and 4.096 mS (1024 
counts) are possible. Longer timeouts can be achieved 
by accumulating, under software control, multiple over- 
flows. 

b) External event counter (TIN pin high). In this mode, a low- 
going pulse (“1” to "0”) at least 2 instruction cycles wide 
on the IN2 input will increment the 8-bit T counter. 

Note: the IT instruction is not allowed in this mode. 

HALT MODE 

The COP404C is a FULLY STATIC circuit; therefore, the 

user may stop the system oscillator at any time to halt the 

chip. The chip may also be halted by two other ways (see 

Figure 8)\ 

— Software HALT: by using the HALT instruction. 

— Hardware HALT: by using the HALT I/O port CKOH. It 
is an I/O flip-flop which is an indicator of the HALT 
status. An external signal can over-ride this pin to start 
and stop the chip. By forcing CKOH high the 
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chip will stop as soon as CKI is high and CKOH output will 
stay high to keep the chip stopped if the external driver 
returns to high impedance state. 

Once in the HALT mode, the internal circuitry does not re- 
ceive any clock signal and is therefore frozen in the exact 
state it was in when halted. All information is retained until 
continuing. 

The chip may be awakened by one of two different meth- 
ods: 

— ^ Continue function: by forcing CKOH low, the system 
clock will be re-enabled and the circuit will continue to 
operate from the point where it was stopped. CKOH 
will stay low. 

— Restart: by forcing the RESET pin low (see Initializa- 
tion) 

The HALT mode is the minimum power dissipation state. 
Note; if the user has selected dual-clock (DUAL pin tied to 
Ground) AND is forcing an external clock on DO pin 
AND the COP404C is running from the DO clock, the 
HALT mode - either hardware or software - will NOT 
be entered. Thus, the user should switch to the CKI 
clock to HALT. Alternatively, the user may stop the DO 
clock to minimize power. 

Oscillator Options 

There are two basic clock oscillator configurations available 
as shown by Figure 9. 

— CKI oscillator; CKI is configured as a LSTTL compati- 
ble input external clock signal. The external frequency 
is divided by 4 to give the instruction cycle time. 

— Dual oscillator. By tying DUAL pin to Ground, pin DO is 
now a single pin RC controlled Schmitt trigger oscilla- 
tor input. The user may software select between the 


DO oscillator (the instruction cycle time equals the DO 
oscillation frequency divided by 4) by setting the DO 
latch high or the CKI oscillator by resetting DO latch 
low. 


Note that even in dual clock mode, the counter, if used 
as a time-base counter, is always connected to the CKI 
oscillator. 

For example, the user may connect up to a 1 MHz RC 
circuit to DO for faster processing and a 32 kHz exter- 
nal clock to CKI for minimum current drain and time 
keeping. 

Note: CTMA instruction is not allowed when the chip is run- 
ning from DO clock. 

Figures 10a and 10b show the timer and clock diagrams 
with and without Dual-Clock. 


Vcc 


R 

15k 

30k 

60k 



JTLT 


EXTERNAL 

CLOCK 


c 

82 pF 
82 pF 
100 pF 


Note: 15k^R^150k 

50 pF^CSl50 pF 


Cycle 

Time 

4-9 fis 
8 — 16 fis 
16-32 )xs 


TL/B/5530-9 


Vcc 

^4.5V 
S4.5V 
2.4 -4.5V 


FIGURE 9. Dual-Oscillator Component Values 
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TO SKT 
LATCH 


Figure 10b. Clock and Timer Block Diagram with Dual<Clock 
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External Memory Interface 

The COP404C is designed for use with an external Program 
Memory. 

This memory may be implemented using any devices having 
the following characteristics: 

1 . random addressing 

2. LSTTL or CMOS-compatible TRI-STATE outputs 

3. LSTTL or CMOS-compatible inputs 

4. access time = 1. 0 p,s max. 

Typically, these requirements are met using bipolar PROMs 
or MOS/CMOS PROMs. EPROMs or E2pROMs. 

During operation, the address of the next instruction is sent 
out on A10 , A9, A8 and IP7 through IPO during the time that 
AD/DATA is high (logic “1" = address mode). Address data 
on the IP lines is stored into an external latch on the high-to- 
low transition of the AD/DATA line; A10, A9 and A8 are 
dedicated address outputs, and do not need to be latched. 
When AD/DATA is low (logic "0” = data mode), the output 
of the memory is gated onto IP7 through IPO, forming the 
input bus. Note that AD/DATA output has a period of one 
instruction time, a duty cycle of approximately 50%, and 
specifies whether the IP lines are used for address output or 
data input. A simplified block diagram of the external memo- 
ry interface is shown in Figure 1 1. 



TL/B/5530-13 

FIGURE 11. External Memory Interface to COP404C 


COP404C Instruction Set 

Table II is a symbol table providing internal architecture, in- 
struction operand and operation symbols used in the in- 
struction set table. 

Table III provides the mnemonic, operand, machine code 
data flow, skip conditions and description of each instruc- 
tion. 

Table II. Instruction Set Table Symbols 
Symbol Definition 

Internal Architecture Symbols 
A 4-bit Accumulator 

B 7-bit RAM address register 

Br Upper 3 bits of B (register address) 

Bd Lower 4 bits of B (digit address) 

C 1 -bit Carry register 

D 4-bit Data output port 

EN 4-bit Enable register 

G 4-bit General purpose I/O port 

IL two 1 -bit (INO and IN3) latches 

IN 4-bit input port 

L 8-bit TRI-STATE I/O port 

M 4-bit contents of RAM addressed by B 
PC 1 1 -bit ROM address program counter 
Q 8-bit latch for L port 

SA 1 1 -bit Subroutine Save Register A 

SB 11 -bit Subroutine Save Register B 

SC 1 1 -bit Subroutine Save Register C 

SIO 4-bit Shift register and counter 

SK Logic-controlled clock output 

SKL 1 -bit latch for SK output 
T 8-bit timer 

Instruction operand symbols 

d , 4-bit operand field, 0-15 binary (RAM digit select) 
r 3-bit operand field, 0-7 binary (RAM register select) 
a 11 -bit operand field, 0-2047 

y 4-bit operand field, 0-15 (immediate data) 

RAM(x) RAM addressed by variable x 
ROM(x) ROM addressed by variable x 
Operational Symbols 
+ Plus 

— Minus 

-> Replaces 

<-> is exchanged with 

= Is equal to 

A one’s complement of A 

® exclusive-or 

; range of values 
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Instruction Set table m (continued) 

TABLE: III. COP404C INSTRUCTION SET 


Mnemonic Operand 


ARITHMETIC INSTRUCTIONS 


Machine 
Language 
Code (Binary) 


ASC 

30 

ADD 

31 

ADT 

4A 

AISC 

y 5- 

CASC 

10 

CLRA 

00 

COMP 

40 

NOP 

44 

RC 

32 

SC 

22 

XOR 

02 



TRANSFER OF CONTROL INSTRUCTIONS 


JID FF I11III1II 

JMP a 6- |0110|0|a< 


Skip 

Conditions 


A + C+RAM(B) 
Carry — > C 
A+RAM(B) -> A 
A+ 10^0 — ^ A 
A + y —*■ A 

A + RAM(B) + C 

Carry — > C 

0 -> A 

A -> A 

None 

“0” ^ C 

•‘1” C 

A ® RAM(B) A 


ROM (PCio;8 A.M) -)• PC7;o None 
a PC None 


Description 


Add with Carry, Skip on 
Carry 

Add RAM to A 
Add Ten to A 
Add Immediate. Skip on 
Carry (y?^ 0) 

Compliment and Add with 
Carry, Skip on Carry 
Clear A 

Ones complement of A to A 
No Operation 
Reset C 
SetC 

Exclusive-OR RAM with A 


Jump Indirect (note 2) 
Jump 


(pages 2,3 only) 
or 

hll asro I 
(all other pages) 
|10| as-o I 


|0110|1|ai 

I ^7:0 I 


HALT 

33 


38 

IT 

33 


39 


fiianna .H ] 


MEMORY REFERENCE INSTRUCTIONS 


CAMT 33 I0OIIIOC 


0 4C 

1 45 

2 42 

3 43 


a — > PCe o 


a — PC5.0 

PC+t -> SA -»■ SB -> 
00010 — > PC-io:6 
a — > PC5;0 

PC+1 SA -»• SB -)• 
a PC 

SC SB -> SA -)• PC 
SC -> SB SA ->• PC 


SC None 


SC None 


Jump within Page (Note 3) 


Jump to Subroutine Page 
(Note 4) 

Jump to Subroutine 



A ^ T7:4 
RAM(B) T3;o 
T7-44 RAM(B) 
T3;0 A 
A -> 07:4 
RAM(B) 03:0 
□7:4 -> RAM(B) 
Q3:0 —* A 
RAM(B) A 
Br© r — > Br 
RAM(r,d) A 

ROM(PCio: 8,A,M) - 
SB -♦ SC 
0 RAM(B)o 
0 -»• RAM(B)i 
0 ^ RAM(B)2 
0 -> RAM(B)3 


None Return from Subroutine 

Always Skip Return from Subroutine 
on Return then Skip 


None HALT processor 

IDLE till timer 

None overflows then continues 


Copy A, RAM to T 

Copy T to RAM, A 
Copy A, RAM to Q 

Copy Q to RAM, A 
\ 

Load RAM into A, 
Exclusive-OR Br with r 
Load A with RAM pointed 
to direct by r,d 
Load Q Indirect (Note 2) 

Reset RAM Bit 
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Instruction Set table in (continued) 

Mnemonic 

Operand 

Hex 

Code 

Machine 

Language 

Code 

(Binary) 

•Data Flow 

Skip 

Conditions 

• 

Description 

SMB 

0 

4D 

O 

o 

o 

o 

1 RAM(B)o 

None 

Set RAM Bit 


1 

47 

loiooloml 

1 RAM(B)1 




2 

46 

O 

o 

o 

o 

1 ^ RAM(B)2 


r 


3 

4B 

o 

o 

o 

o 

1 -> RAM(B)3 



STII 

y 

7- 

loml V 1 

y RAM(B) 

None 

Store Memory Immediate 





Bd © 1 -»• Bd 


and Increment Bd 

X 

r 

-6 

o 

o 

o' 

RAM(B) -»> A 

None 

Exchange RAM with A, 




(r=0;3) 

Br © r — ► Br 


Exclusive-OR Br with r 

XAD 

r,d 

23 

o 

o 

o 

o 

o 

RAM(r.d) -► A 

None 

Exchange A with RAM 



— 

Ulrldl 



pointed to directly by r,d 

XDS 

r 

-7 

o 

o 

o' 

RAM(B) A 

Bd 

Exchange RAM with A 




(r=0:3) 

Bd-1 -► Bd 

decrements 

and Decrement Bd. 





Br © r — ► Br 

pastO 

Exclusive-OR Br with r 

XIS 

r 

-4 

lool r loiool 

RAM(B) -► A 

Bd 

Exchange RAM with A 




(r = 0-.3) 

Bd-H -► Bd 

increments 

and Increment Bd, 





Br © r — > Br 

past 1 5 

Exclusive-OR Br with r 

REGISTER REFERENCE INSTRUCTIONS 

CAB 


50 


A Bd 

None 

Copy A to Bd 

CBA 


4E 

loioolmol 

Bd -*• A 

None 

Copy Bd to A 

LBI 

r,d 

— 

lgo|/ l(d-i)l 

r.d ^ B 

Skip until 

Load B Immediate with r,d 




(r=0:3: 


not a LBI 

(Note 5) 




d = 0,9:1 5) 







or 

*3 





33 

■Bmn 






— 

ULrldJ 







(any r, any d) 




LEI 

y 

33 


y EN 

None 

Load EN Immediate (Note 6) 



6- 

101101 y 1 




XABR 


12 

loooilooiol 

A Br 

None 

Exchange A with Br (Note 7) 

TEST INSTRUCTIONS 

SKC 


20 

looioloooor 


C=“1” 

Skip if C is True 

SKE 


21 

iooioioooli 


A=RAM(B) 

Skip if A Equals RAM 

'SKGZ 


33 

iooiiiooiii 


G3;0=0 

Skip if G is Zero 



21 

iooioloooil 



(all 4 bits) 

SKGBZ 


33 

10011 loot ll 

1st byte 


Skip if G Bit is Zero 


0 

01 

iooooloooil 

- 

Go = 0 



1 

11 

wiiWiiiiiWinM 


Gi=0 



2 

03 

loooolooiil 

2nd byte 

Gg^O 



3 

13 

loooliooiil 


03 = 0 


SKMBZ 

0 

01 

Iooooloooil 


RAM(B)o = 0 

Skip if RAM Bit is Zero 


1 

11 

|0001 10001 1 


RAM(B)i = 0 



2 

03 

loooolooiil 


RAM(B)2 = 0 



3 

13 

loooilooiil 


RAM(B)3 = 0 


SKT 


41 

loiooioooil 


A time-base 

Skip on Timer 






counter 

(Note 2) 






carry has 







occured 







since last test 
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Instruction Set table mi (continued) 


Mnemonic 

Operand 

Hex 

Code 

Machine 

Language 

Code 

(Binary) 

Data Flow 

Skip 

Conditions 

Description 

INPUT/OUTPUT INSTRUCTIONS 

ING 


33 


G -*■ A 

None 

Input G Ports to A 



2A 

I0010I1010I 




ININ 


33 

WhUmfiliinW 

IN — > A 

None 

Input IN Inputs to A 



28 





INIL 


33 


IL3.CKO."0”.ILo -> A 

None 

Input IL Latches to A 



29 




(Note 2) 

INL 


33 

iGEBIEiSDl 

L7:4 RAM(B) 

None 

Input L Ports to RAM.A 



2E 

I0010I11101 

< 

t 

q 



OBD 


33 


Bd D 

None 

Output Bd to D Outputs 



3E 

10011111101 




OGI 

y 

33 

M[tnniriT»niB 

y -> G 

None 

Output to G Ports 



5- 

BpIPnCT J 



Immediate 

OMG 


33 


RAM(B) G 

None 

Output RAM to G Ports 



3A 

I0011I1010I 




XAS 


4F 


A 4— ♦ SIO. C SKL 

None 

Exchange A with SIO 







(Note 2) 


Note 1: All subscripts for alphabetical symbols Indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered O to N where 
O signifies the least significant bit (low-order, right-most bit). For example, A 3 indicates the most significant (left-most) bit of the 4-bit A register. 

Note 2; For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction, 
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 4: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP 
may not jump to the last word in page 2. 

Note 5: LBI is a single-byte instruction if d = 0, 9, 1 0, 1 1 , 1 2, 1 3, 1 4, or 1 5. The machine code for the lower 4 bits equals the binary value of the “d” data minus 1 , 
e.g., to load the lower four bits of B(Bd) with the value 9 (lOOIj), the lower 4 bits of the LBI instruction equal 8 (IOOO 2 ). To load 0, the lower 4 bits of the LBI 
instruction should equal 15 (111 I 2 ). 

Note 6: Machihe code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a "1 ’’ or "0” in each bit of EN corresponds 
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 

Note 7: If SEL20 = 1, A ► Br (0 -♦ A3) 

If SEL20 = 0, A Br (0,0 A3, A2). 


XAS INSTRUCTION 

XAS (Exchange A with SIO) copies C to the SKL latch and 
exchanges the accumulator with the 4-bit contents of the 
SIO register. The contents of SIO will contain serial-in/seri- 
al-out shift register or binary counter data, depending on the 
value of the EN register. If SIO is selected as a shift register, 
an XAS instruction can be performed once every 4 instruc- 
tion cycles to effect a continuous data stream. 

LQID INSTRUCTION 

LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 1 1-bit word PC10: PC8, 
A, M. LQID can be used for table lookup or code conversion 
such as BCD to seven-segment. The LQID instruction 
“pushes” the stack (PC -l- 1 ^ SA — > SB — ♦ SC) and 
replaces the least significant 8 bits of the PC as follows: A 
-> PC (7:4), RAM(B) -> PC(3:0), leaving PC(10), PC(9) 
and PC(8) unchanged. The ROM data pointed to by the 


new address is fetched and loaded into the Q latches. Next, 
the stack is “popped” (SC — ♦ SB — > SA — ♦ PC), re- 
storing the saved value of PC to continue sequential pro- 
gram execution. Since LQID pushes SB — > SC, the previ- 
ous contents of SC are lost. 

Note: LQID uses 2 instruction cycles if executed, one if 
skipped. 

JID INSTRUCTION 

JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location pointed 
to indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM addressed by 
the 1 1-bit word, PCIO: 8, A, M. PCIO, PC9 and PC8 are not 
affected by JID. 

Note: JID uses 2 instruction cycles if executed, one if 
skipped. 
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SKT Instruction 

The SKT (Skip On Timer) instruction tests the state of the T 
counter overflow latch (see internal logic, above), executing 
the next program instruction if the latch is not set. If the 
latch has been set since the previous test, the next program 
instruction is skipped and the latch is reset. The features 
associated with this instruction allow the processor to gen- 
erate its own time-base for real-time processing, rather than 
relying on an external input signal 
Note: If the most significant bit of the T counter is a 1 when 
a CAMT instruction loads the counter, the overflow flag will 
be set. The following sample of codes should be used when 
loading the counter: 

CAMT : load T counter 

SKT : skip if overflow flag is set and reset it 

NOP 

IT INSTRUCTION 

The IT (idle till timer) instruction halts the processor and 
puts it in an idle state until the time-base counter overflows. 
This idle state reduces current drain since all logic (except 
the oscillator and time base counter) is stopped. IT instruc- 
tion is not allowed if the T counter is used as an external 
event counter (TiFI pin tied to Vcc)- 

INIL INSTRUCTION 

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO, 
CKOI and 0 into A. The IL3 and ILO latches are set if a low- 
going pulse (“1" to “0”) has occurred on the IN3 and INO 
inputs since the last INIL instruction, provided the input 
pulse stays low for at least two instruction cycles. Execution 
of an INIL inputs IL3 and ILO into A3 and AO respectively, 
and resets these latches to allow them to respond to subse- 
quent low-going pulses on the IN3 and INO lines. The state 
of CKOI is input into A2. A 0 is input into A1. IL latches are 
cleared on reset. 

Instruction Set Notes 

a. The first word of a program (ROM address 0) must be a 
CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they are 
still fetched from the program memory. Thus program 
paths take the same number of cycles whether instruc- 
tions are skipped or executed except for JID, and LQID. 

c. The ROM is organized into pages of 64 words each. The 
Program Counter is a 11 -bit binary counter, and will count 
through page boundaries. If a JP, JSRP, JID, or LQID is 
the last word of a page, it operates as if it were in the next 
page. For example: a JP located in the last wOrd of a 
page will jump to a location in the next page. Also, a JID 
or LQID located in the last word of every fourth page (i.e. 
hex address OFF, 1 FF, 2FF, 3FF, 4FF, etc.) will access 
data in the next group of four pages. 

Power Dissipation 

The lowest power drain is when the clock is stopped. As the 
frequency increases so does current. Current is also lower 
at lower operating voltages. Therefore, for minimum power 
dissipation, the user should run at the lowest speed and 
voltage that his application will allow. The user should take 
care that all pins swing to full supply levels to insure that 
outputs are not loaded down and that inputs are not at 
some intermediate level which may draw current. Any input 
with a slow rise or fall time will draw additional current. For 


example, an RC oscillator on DO will draw more current than 
a square wave clock input since it is a slow rising signal. 

If using an external square wave oscillator, the following 
equation can be used to calculate the COP404C operating 
current drain: 

lco=lq + VX40xFi-l-VX 1400 X Fj / 4 

where: 


Ico = chip operating current drain in microamps 
Iq = quiescent leakage current (from curve) 

Fj= CKI frequency in MegaHertz 
V = chip Vcc in volts 
For example at 5 volts Vcc and 400 kHz: 

lco=20 ,-f- 5 X 40 X .4 + 5 X 1400 X .4 / 4 
lco= 20 + 80 -t- 700 = 800 /itA 
at 2.4 volts Vcc and 30 kHz: 

lco= 6 + 2.4 X 40 X .03 + 2.4 X 1400 X .oy^ 
lco= 6 -f- 2.88 + 25.2 = 34.08 )liA 
If an IT instruction is executed, the chip goes into the IDLE 
mode until the timer overflows. In IDLE mode, the current 
drain can be calculated from the following equation: 

lci= Iq -I- V X 40 X Fj 
For example, at 5 volts Vcc and 400 kHz 
lci= 20 -t- 5 X 40 X .4 = 100 juA 
The total average current will then be the weighted average 
of the operating current and the idle current: 

To ... Ti 


lta=lcox 


To+Ti 


+ Ici X 


To+Ti 


where: 

lta= total average current 
' lco= operating current 
lci= idle current 
T(j= operating time 
Ti= idle time 


I/O OPTIONS 

COP404C outputs have the following configurations, illus- 
trated in Figure 12. 

a. Standard — A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel device 
to Vcc. compatible with CMOS and LSTTL. (Used on SO, 
SK, AD/DATA, SKIP, A10:8 and D outputs.) 

b. Low Current — This is the same configuration as a. 
above except that the sourcing current is much less. 
(Used on G outputs.) 

0 . Standard TRI-STATE L Output — A CMOS output buffer 
similar to a. which may be disabled by program control. 
(Used on L outputs.) 

All inputs have the following configuration: 

d. Input with on chip load device to Vcc- (Used on CKOI.) 

e. Hl-Z input which must be driven by the users logic. (Used 
on CK I, RESET, IN, SI, DDAL, TIN, MB, SELiO and 
SEL20 inputs.) 

All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (louT snd 
Vout) curves are given in Figure 13 for each of these devic- 
es to allow the designer to effectively use these I/O configu- 
rations. 
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a. Standard Push-Pull Output b. Low Current Push-Pull Output Standard TRI-STATE “L” Output 


Vcc Vcc Vcc 




FIGURE 12. Input/Output Configurations 


TL/B/5530-15 


Minimum Sink Current 

2.4 
2.0 
1.6 
1.2 
0.8 
0.4 
0 

0 1.0 2.0 3.0 4.0 SO 60 

VOL (VOLTS) 



Standard Minimum Source 
Current 

1.2 I 1 1 1 1 1 



0 1.0 2.0 3.0 4 0 SO 60 

VOH (VOLTS) 


Low Current Option 
Minimum Source Current 


5 . 5 V 









V 



4 . 5 V 



N 

V- 





Vh 

V 


3 . 0 V 



\ 



2 . 4 V 





V 


0 1.0 2.0 3.0 4.0 SO 6.0 

VOH (VOLTS) 


Low Current Option 
Maximum Source Current 


600 
SOO 
400 
300 
200 
100 
0 

0 1.0 2.0 3.0 4.0 SO 6.0 

VOH (VOLTS) 



Low Current Option 



0 1.0 2.0 3.0 4.0 SO 6.0 

VOH (VOLTS) 


FIGURE 13. Input/Output Characteristics 


Maximum Quiescent 




0 1 2 3 4 5 6 

Vcc (VOLTS) 


TL/B/5530-16 
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Emulation 

The COP404C may be used to exactly emulate the 
COP444C/445C, COP424C/425C, and COP410C/411C. 
However, the Program Counter always addresses 2k of ex- 
ternal ROM whatever chip is being emulated. Figure 14 
shows the interconnect to implement a hardware emulation. 
This connection uses a NMC27C16 EPROM as external 


memory. Other memory can be used such as bipolar PROM 
or RAM. 

Pins IP7-IP0 are bidirectional inputs and outputs. When the 
AD/DATA clocking output turns on, the EPROM drivers are 
disabled and IP7-IP0 output addresses. The 8-bit latch 
{MM74C373) latches the addresses to drive the memory. 
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When AD/DATA turns off, the EPROM is enabled and the 

IP7-IP0 pins will input the memory data. A10, A9 and A8 

output the most significant address bits to the memory. 

(SKIP output may be used for program debug if needed.) 

— OKI is divided by 4. Other divide-by are emulated by ex- 
ternal divider. 

— CKO can be emulated as a general purpose input by us- 
ing CKOI or as a Halt I/O port by using CKOH. 

— MB pin can be pulled low if the ^IICROBUS feature of the 
COP444C and COP424C is needed. Othewise it should 
be high. 

— DUAL pin can be pulled low if the Dual-Clock feature of 
the COP444C and COP424C is needed. Otherwise it 
should be high. 

— Tin pin controls the input of the 8-bit timer of the 
COP444C and COP424C (internal timer if TIN is low, ex- 
ternal event counter if TIN is high). 

— The SEL10 and SEL20 inputs are used to emulate the 
COP444C/445C, COP424C/425C, or COP410C/411C. 

• When em ulating the CO P444C /445C, the user must 
configure SEL20 = 1 and SEL10 = 1. 

• When em ulating the CO P424C/ 425C, the user must 
configure SEL20 = 0 and SEL10=1. In this mode, the 
user RAM is physically halved. As in the COP424C/ 
425C, the user has 64 digits (256 bits) of RAM avail- 
able. Pin A10 should not be connected to the program 
memory (most significant address bit of the program 
memory should be grounded if using a 2kx8 memory). 

• When em ulating the CO P410C/ 411C. the user must 
configure SEL20 = 0 and SEL10=0. In this mode, the 
user has 32 digits (128 bits) of RAM available organized 


in the same way as the COP410C/41 1C - 4 registers of 
8 digits each. Pins AID and A9 should not be connect- 
ed to the program memory (the 2 most significant ad- 
dress bits of the program memory should bo ground- 
ed). 

Furthermore, the subroutine stack is decreased from 3 
levels to 2 levels. 

The pins SEL10 and SEL20 change the internal logic of the 
device to accurately emulate the devices as indicated 
above. However, the user must remember that the 
COP424C/425C is a subset of the COP444C/COP445C 
with respect to memory size. The COP410C/41 1C is a sub- 
set both in memory size and in function. The user must take 
care not to use features and instructions which are not avail- . 
able on the COP410C/411C (see table IV. below) when us- 
ing the COP404C to emulate the COP410C/411C. 

TABLE IV. FEATURES AND INSTRUCTIONS NOT 
AVAILABLE ON COP410C/411C. 

Timer ADT 

Dual-clock CASC 

Interrupt CAM! 

Microbus CIMA 

IT 

LDD r, d 

XAD r, d (except 3, 15) 

XABR 

SKT 

ININ 

INIL 

OGI y 


COP404C MAS OPTIONS 

The following COP444C options have been implemented in the COP404C: 

Option value 
Option 1 = 0 
0ption2=l, 2 
Option 3 = 5 
0ption4 = l 
Option 5-8 = 0 
Option 9 = 1 
Option 10 = 1 
Option 11 = 0 
Option 12-15 = 0 
Option 16 = 0 
Option 17 = 0 
Option 18 = 0 
Option 19 = 1 
Option 20 = 1 
Option 21-24=1 
Option 25-28 = 0 
Option 29 = 1 
Option 30 = 0, 1 
Option 31 = 0, 1 
Option 32 = 0 , 1 
Option 33 = N/A 


Comment 

Ground Pin — no option available 

CKO is replaced by CKOI and CKOH 

CKI is external clock input divided by 4 


RESET is Hi-Z input 

L outputs are standard TRI-STATE 

INI is a Hi-Z input 

IN2 is a Hi-Z input 

Vcc pin — no option available 

L outputs are standard TRI-STATE 

SI is a Hi-Z input 

SO is a standard output 

SK is a standard output 

INOisaHl-Zinput 

IN3 is a Hi-Z input 

G outputs are low-current 

D outputs are standard 

No Internal initialization logic 

DUAL-CLOCK is pin selectable 

TIMER is pin selectable 

MICROBUS is pin selectable 

48-pin package 
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COP410C/COP411C, COP310C/COP311C and COP210C/COP211C 


National 
41 )^ Semicor 


Semiconductor 

COP410C/COP411C, COP310C/COP311C and 
COP210C/COP211C Single-Chip CMOS 
Microcontrollers 


microCMOS 


General Description 


The COP410C, COP411C, COP310C, COP311C, COP210C, 
and COP211C fully static, single-chip CMOS microcon- 
trollers are members of the COPS™ family, fabricated 
using double-poly, silicon-gate CMOS technology. These 
controller-oriented processors are complete microcom- 
puters containing all system timing, internal logic, ROM, 
RAM, and I/O necessary to implement dedicated control 
functions In a variety of applications. Features include 
single supply operation, a variety of output configuration 
options, with an instruction set, internal architecture, and 
I/O scheme designed to facilitate keyboard input, display 
output, and BCD data manipufation. The COP411C is 
identical to the COP410C but with 16 I/O lines instead of 
20. They are an appropriate choice for use in numerous 
human interface control environments. Standard test pro- 
cedures and reliable high-density fabrication techniques 
provide the medium to large volume customers with a 
customized controller-oriented processor at a low end- 
product cost. 

The COP310C/COP311C is the extended temperature 
range version of the COP410C/COP411C, and the 
COP210C/COP211C is the military temperature range 
version of the COP410C/COP411C. 


Features 

■ Lowest power dissipation (40jjW typical) 

■ Low cost 

■ Power-saving HALT mode with Continue function 

■ Powerful instruction set 

■ 512x8 ROM, 32x4 RAM 

■ 20 I/O lines (COP410C) 

■ Two-level subroutine stack 

■ DC to 4ns instruction time 

■ Single supply operation (2.4V to 5.5V) 

■ General purpose and TRI-STATE® outputs 

■ Internal binary counter register with MICROWIRE™ 
compatible serial I/O 

■ LSTTL/CMOS compatible in and out 

■ Software/hardware compatible with other members 
of the COP400 family 

■ Extended temperature (-40°C to -i-85°C) devices 
available 

■ Military temperature (-55°C to -f 125°C) devices to be 
available. Note: At time of printing electrical specifica- 
tions were not available. 
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COP410C/COP411C 
Absolute Maximum Ratings 

I Voltage at any pin » -0.3V to Vcc+0.3V Operating temperature range 0'’Cto+70°C 

Total allowable source current 25mA Storage temperature range -65°C to +150‘’C 

Total allowable sink current 25mA Lead temperature (soldering, 10 sec.) 300®C 

} Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC eiectrical 
specifications are not ensured when operating the device 
at absolute maximum ratings. 


DC Electrical Characteristics O’C < Ta < 70°C unless otherwise specified 


Parameter Conditions 


Operating Voltage 


Supply Current’' 


HALT Mode Current^ 


Input Voltage Levels 
RESET, CKI 
Logic High 
Logic Low 
All Other Inputs 
Logic High 
Logic Low 


Hi-Z Input Leakage 


Input Capacitance 


Output Voltage Levels 
LSTTL Operation 
Logic High 
Logic Low 

CMOS Operation 
Logic High 
Logic Low 


Output Current Levels 
Sink 

Source (Standard 
Option) 

Source (Low 
Current Option) 


Vcc = 2.4V,tc = 125MS 

Vcc = 5.0V, tc = 16,^3 

Vcc = 5.0V,tc = 4fiS 

(to is instruction cycle time) 


Vcc = 5.0V, F|N = 0kHz 
Vcc = 2.4V, F|N = 0kHz 




Standard Outputs 




Vcc = 5.0 V ±5% 




loH = 25f/A 

2.7 


V 

loL = 400pA 


0.4 

V 

loH = “10p‘A , 

CM 

O 

I 

O 


V 

Iql = 10/iA 


0.2 

V 

Vcc = 4.5V, Vqut = Vcc 

1.2 


mA 

Vcc = 2.4 V, Vqut = Vcc 

0.2 


mA 

Vcc = 4.5 V, Vqut = 0V 

0.5 


mA 

Vcc = 2.4V, Vqut = OV 

0.1 


mA 

Vcc = 4.5V, VouT = 0V 

30 

330 

fA 

Vcc = 2.4 V, Vqut = 0V 

6 

80 

fiA 


COP410C/COP411C, COP310C/COP311C andCOP210C/COP211C 
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COP410C/COP411C 

DC Electrical Characteristics (continued) 




Parameter 

Conditions 

Min. 

Max. 

Units 

CKO Current Levels 
(As Clock Out) 





Sink -i-4 

Vcc = 4.5V, CKI = Vcci Vqut = ^cc 

0.3 


mA 

-fS 


0.6 


mA 

+ 16 


1.2 


mA 

Source +4 

Vcc = 4.5 V, CKI = OV, VouT = OV 

0.3 


mA 

+ 8 


0.6 


mA 

+ 16 


1.2 


mA 

Allowable Loading on CKO 
(as HALT I/O pin) 



100 

PF 

Current Needed to 

Override HALT^ 



■■ 


To Continue 

Vcc = 4.5V, V|n = 0.2 Vcc 



mA 

To Halt 

Vcc = 4.5V, V,n = 0.7 Vcc 



mA 

TRI-STATE or Open Drain 
Leakage Current 


-2 

-I-2 

pA 

Note 1: Supply current Is measured after running for 2000 cycle times with a square-wave clock on CKi, CKO open, and aii other pins pulled up to Vqc with 

20k resistors. See current drain equation on page 13. 

Note 2: The HALT mode will stop CKI from oscillating In the RC and crystal configurations. 




Note 3: When forcing HALT, current Is only needed for a short time (approximately 200ns) to flip the HALT flip-flop. 



COP410C/COP411C 





AC Electrical Characteristics o®c < Ta < 7o®c unless otherwise specified 



Parameter 

Conditions 

Min. 

Max. 

Units 

Instruction Cycle Time (y 

Vcc ^ 4.5 V 

4 

DC 



4.5V > Vcc > 2.4V 

16 

DC 


Operating CKI +4 mode 

) 

DC 

1.0 


Frequency +8 mode 

> Vc<^>4.5V 

DC 

2.0 


+ 16 mode 

DC 

4.0 


+ 4 mode 

\ 

DC 

250 


+ 8 mode 

1 4.5V > Vcc > 2.4V 

DC 

500 


+ 16 mode 

1 

DC 

1.0 


Instruction Cycle Time 

R = 30k±5%, Vcc = 5V 




RC Oscillator 

C = 82pF±5% (+4 Mode) 

8 

16 


Inputs (See Figure 3) 





tSETUP 

G Inputs ] 

tc/4-P0.7 




SI Input [ Vcc > 4.5V 

0.3 




All Others ) 

1.7 



fHOLD 

Vcc ^ 4.5V 

0.25 




Vcc > 2.4V 

1.0 



Output Propagation 

Delay 

Vout = 1-5V, Cl = 100pF, RL = 5k 



mm 

tpDi. fPDO 

Vcc > 4.5V 


1.0 


tpDI. fPDO 

Vcc > 2.4V 


4.0 

BHl 
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COP310C/COP311C 
Absolute Maximum Ratings 


Voltage at any pin 

Total allowable source current 

Total allowable sink current 


-0.3ytoVcc+0.3V 
25 mA 
25mA 


Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC electrical 
specifications are not ensured when operating the device 
at absolute maximum ratings. 


Operating temperature range -40°C to +85°C 

Storage temperature range -65°C to +150°C 

Lead temperature (soldering, 10 sec.) 300°C 


DC Electrical Characteristics -40'’C < Ta < +85°C unless otherwise specified 


Parameter 


Operating Voltage 


Supply Current’ 


HALT Mode Current^ 


Input Voltage Levels 
RESET, OKI 
Logic High 
Logic Low 
All Other Inputs 
Logic High 
Logic Low 


Hi-Z Input Leakage 


Input Capacitance 


Output Voltage Levels 
LSTTL Operation 
Logic High 
Logic Low 

CMOS Operation 
Logic High 
Logic Low 


Output Current Levels 
Sink 

Source (Standard 
Option) 

Source (Low 
Current Option) 


Conditions 


Vcc = 3.0V, tc = 125;iS 
Vcc = 5.0 V, tc = 16fiS 
Vcc = 5.0V, tc = 4HS 
(tc is instruction cycle time) 


Vcc = 5.0V, F|N = 0kHz 
Vcc = 3.0V, F|N = 0kHz 



Standard Outputs 
Vcc = 5.0 V ±5% 

Iqh = 25fjA 

Iql = 400f.(A 

•oh =“10f^A 
•oL= 10(^A 
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COP310C/COP311C 






DC Electrical Characteristics (continued) 




Parameter 

Conditions 

Min. 

Max. 

Units 

CKO Current Levels 
(As Clock Out) 






Sink -i-4 


Vcc = 4.5V, CKI = Vcc, VouT= Vcc 

0.3 


mA 

-8 





mA 

-16 



1.2 


mA 

Source -i-4 


Vcc = 4.5V, CKI = OV, VouT = OV 

0.3 


mA 

-8 



0.6 


mA 

-^16 



1.2 


mA 

Allowable Loading on CKO 
(as HALT I/O pin) 



100 

PF 

Current Needed to 






Override HALT^ 






To Continue 


Vcc = 4.5V, V|N = 0.2 Vcc 


0.8 

mA 

To Halt 


Vcc = 4.5V, V|N = 0.7 Vcc 


2.0 

mA 

TRI-STATE or Open Drain 
Leakage Current 


-4 

+4 

pA 

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vqc with | 

20k resistors. See current drain equation on page 13. 

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. 




Note 3: When forcing HALT, current is only needed for a short time (approximately 200ns) to flip the HALT flip-flop. 

’ 


COP310C/COP311C 






AC Electrical Characteristics -4o°c<ta< +85'’c unless otherwise specified 


Parameter 

Conditions 

Min. 

Max. 

Units 

Instruction Cycle Time (tc) 


,Vcc ^ 4.5 V 

4 

DC 

MS 



4.5V > Vcc > 3.0V 

16 

DC 

MS 

Operating CKI -r 4 mode 

1 


DC 

1.0 


Frequency -^8 mode 

1 

Vcc > 4.5V 

DC 

2.0 


-r 16 mode 

1 


DC 

4.0 

MHz 

-^4 mode 

1 


DC 

250 

kHz 

-i- 8 mode 

1 

4.5 V > Vcc ^ 3.0 V 

DC 

500 

kHz 

- 16 mode 

1 


DC 

1.0 

MHz 

Instruction Cycle Time 


R=:30k±5%, Vcc = 5V 




RC Oscillator 


C = 82pF±5% (-4 Mode) 

8 

16 

MS 

Inputs (See Figure 3) 






fsETUP 


G Inputs \ 

tc/4+0.7 


/^s 



SI Input I Vcc > 4.5V 

0.3 


MS 



All Others ) 

1.7 


MS 

fHOLD 


Vcc > 4.5 V 

0.25 


MS 



Vcc ^ 3.0V 

1.0 


MS 

Output Propagation 

Delay 


Vout = 1-5V, Cl = 100pF, RL = 5k 



mm 

fpDi. fpDO 


Vcc > 4.5 V 


1.0 


tpD1. tpDo 


Vcc ^ 3.0 V 


4.0 

HUH 
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20 

2 


19 

3 


18 

4 


17 


C0P411C 

16 


C0P311C 

6 

C0P211C 

T5 

7 


14 

8 


13 

9 


12 

10 


11 


1 


24 

2 


23 

3 


22 

4 


21 

5 


20 

6 

C0P410C 

19 


C0P310C 

18 


C0P210C 

8 


17 

9 


16 

10 


15 

11 


14 

12 


13 


Order Number COP311C-XXX/D, 
C0P411C-XXX/D 
NS Package D20A 


Order Number COP310C-XXXyD, 
COP410C-XXX/D 
See NS Package D24C 


Order Number COP311C XXX/N, 
C0P411CXXX/N 
See NS Package N20A 


Order Number COP310C-XXX/N, 
COP410CXXXyN 
NS Package Number N24A 


Pin Description 


L7-L0 8-bit bidirectional I/O port with TRI-STATE 

G3-G0 4-bit bidirectional I/O port 
(G2-G0 for 20-pin package) 

D3-D0 4-bit general purpose output port 
{D1-D0 for 20-pin package) 

SI Serial input (or counter input) 

SO Serial output (or general purpose output) 


Pin Description 


SK Logic-controlled clock 

(or general purpose output) 

OKI System oscillator input 

CKO Crystal oscillator output, or HALT mode 

I/O port (24-pin package only) 

RESET System reset input 

Vcc System power supply 

GND System Ground 


FIGURE 2. Connection Diagrams 


INSTRUCTION CYCLE TIME (tc) ^ 


G3G0, L7L0. ■ 
&SI INPUTS I 


G3-G0, D3-D0, 
L 7 -Lo,SO,SK 
OUTPUTS 


FIGURE 3. Input/Output Timing Diagrams (Divide-by-8 Mode) 
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COP410C/COP411C-, COP310C/COP311C and COP210C/COP211C 


Functional Description 

To ease reading of this description, oniy COP410C 
and/or COP411C are referenced; however, aii such refer- 
ences apply equally to COP310C and/or COP311C, and 
COP210C and/or COP211C, respectively. 

A block diagram of the COP410C is given in Figure 1. 
Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with each 
other in implementing the instruction set of the device. 
Positive logic is used. When a bit is set, it is a logic “1”; 
when a bit is reset, it is a logic “0". 

Program Memory 

Program memory consists of a 512-byte ROM. As can be 
seen by an examination of the COP410C/411C instruc- 
tion set, these words may be program instructions, pro- 
gram data, or ROM addressing data. Because of the 
special characteristics associated with the JP, JSRP, 
JID, and LQID instructions, ROM must often be thought 
of as being organized into 8 pages of 64 words (bytes) 
each. 

ROM Addressing 

ROM addressing is accomplished by a 9-bit PC register. 
Its binary value selects one of the 512 8-bit words 
contained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the in- 
struction is a transfer of control instruction, the PC regis- 
ter is loaded with the next sequential 9-bit binary count 
value. Two levels of subroutine nesting are implemented 
by two 9-bit subroutine save registers, SA and SB. 

ROM instruction words are fetched, decoded, and exe- 
cuted by the instruction decode, control and skip logic 
circuitry. 

Data Memory 

Data Memory consists of a 128-bit RAM, organized as 
four data registers of 8 x 4-bit digits. RAM addressing is 
implemented by a 6-bit B register whose upper two bits 
(Br) selects one of four data registers and lower three 
bits of the 4-bit Bd select one of eight 4-bit digits in the 
selected data register. While the 4-bit contents of the 
selected RAM digit (M) are usually loaded into or from, or 
exchanged with, the A register (accumulator), they may 
also be loaded into the Q latches or loaded from the L 
ports. RAM addressing may also be performed directly by 
the XAD 3,15 instruction. The Bd register also serves as a 
source register for 4-bit data sent directly to the D outputs. 

The most significant bit of Bd is not used to select a 
RAM digit. Hence, each physical digit of RAM may be 
selected by two different values of Bd as shown in 
Figure 4. The skip condition for XIS and XDS instructions 
will be true if Bd changes between 0 and 15, but not 
between 7 and 8 (see Table 3). 


Internal Logic 

The internal logic of the COP410C/411C is designed to 
ensure fully static operation of the device. 

The 4-bit A register (accumulator) is the source and 
destination register for most I/O, arithmetic, logic and 
data memory access operations. It can also be used to 
load the Bd portion of the B register, to load four bits of 
the 8-bit Q latch data and to perform data exchanges 
with the SIO register. 

The 4-bit adder performs the arithmetic and logic 
functions of the COP410C/411C, storing its results in A. It 
also outputs the carry information to a 1-bit carry regis- 
ter, most often employed to indicate arithmetic overflow. 
The C register, in conjunction with the XAS instruction 
and the EN register, also serves to control the SK output. 
C can be outputted directly to SK or can enable SK to be 
a sync clock each instruction cycle time. (See XAS 
instruction and EN register description below.) 

The G register contents are outputs to four general 
purpose bidirectional I/O ports. 

The Q register is an internal, latched, 8-bit register, used 
to hold data loaded from RAM and A, as well as 8-bit data 
from ROM. Its contents are output to the L I/O ports 
when the L drivers are enabled under program control. 
(See LEI instruction.) 

The eight L drivers, when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents of L 
may be read directly into A and RAM. 

The SIO register functions as a 4-bit serial-in/serial-out 
shift register or as a binary counter, depending upon the 


Bd VALUE RAM DIGIT 



FIGURE 4. RAM Digit Address to Physical 
RAM Digit Mapping 
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contents of the EN register. (See EN register description 
beiow.) Its contents can be exchanged with A, allowing it 
to input or output a continuous serial data stream. With 
SIO functioning as a serial-in/serial-out shift register 
and SK as a sync clock, the COP410C/411C is MICRO- 
WIRE™ compatible. 

The D register provides four general purpose outputs 
and is used as the destination register for the 4-bit 
contents of Bd. 

The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the output of SKL; in the shift regis- 
ter mode, SK is a sync clock, inhibited when SKL is a 
logic “0”. 

The EN register is an internal 4-bit register loaded under 
program control by the LEI instruction. The state of each 
bit of this register selects or deselects the particular fea- 
ture associated with each bit of the EN register 
(EN3-EN0). 

1. The least significant bit of the enable register, ENO, 
selects the SIO register as either a 4-bit shift register 
or as a 4-bit binary counter. With ENO set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse (“1” to “0”) occur- 
ring on the SI input. Each pulse must be at least two 
instruction cyc)es wide. SK outputs the value of SKL. 
The SO output is equal to the value of EN3. With ENO 
reset, SIO is a serial shift register, shifting left each 
instruction cycle time. The data present at SI is 
shifted into the least significant bit of SIO. SO can be 
enabled to output the most significant bit of SIO each 
instruction cycle time. (See 4. below.) The SK output 
becomes a logic-controlled clock. 

2. EN1 is not used, it has no effect on the COP410C/411C. 

3. With EN2 set, the L drivers are enabled to output the 
data in Q to the L, I/O ports. Resetting EN2 disables the 
L drivers, placing the L I/O ports in a high impedance 
input state. 

4. EN3, in conjunction with ENO, affects the SO output. 
With ENO set (binary counter option selected), SO will 
output the value loaded into EN3. With ENO reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the SIO shift register, 
outputting serial shifted data each instruction time. 
Resetting EN3 with the serial shift register option 
selected, disables SO as the shift register output; data 
continues to be shifted through SIO and can be 
exchanged with A via an XAS instruction but SO 
remains reset to “0”. 


Initialization 

The internal reset logic will initialize the device upon 
power-up if the power supply rise time is less than 1 ms 
and If the operating frequency at OKI is greater than 
32kHz, otherwise the external RC netw ork sh own in 
Figure 5 must be connected to the RESET pin. The RESET 
pin is configured as a Schmitt trigger input. If not used, it 
should be connected to Vcc- Initiali zation will occur 
whenever a logic “0” is applied to the RESET input, pro- 
viding it stays low for at least three instruction cycle times. 

When Vcc power is applied, the internal reset logic will 
keep the chip in Initialization mode for up to 2500 
instruction cycles. If the CKI clock is running at a low fre- 
quency, this could take a long time, therefore, the internal 
logic should be disabled by a m ask option with initializa- 
tion controlled solely by RESET pin. 


Note: If CKI clock Is less than 32kHz, the Internal reset logic (Option 25 = 1) 
must be disabled and the external RC network must be present. 


Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, pro- 
viding a pulse each instruction cycle time. Data memory 
(RAM) is not cleared upon initialization. The first instruc- 
tion at address 0 must be a CLRA (clear A register). 
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RC> 5 X POWER SUPPLY RISE TIME 
AND RC > too X CKI PERIOD 


FIGURE 5. Power-Up Clear Circuit 


COP411C 

if the COP410C is bonded as a 20-pin package, it 
becomes the COP411C, illustrated in Figure 2, COP410C/ 
COP411C Connection Diagrams. Note that the COP411C 
does not contain D2, D3, G3, or CKO. Use of this option, 
of course, precludes use of D2, D3, G3, and CKO options. 
All other options are available for the COP411C. 



Table 1. Enable Register Modes — Bits ENO and EN3 


ENO 

EN3 

SIO 

SI 

SO 

SK 

0 

0 

Shift Register 

Input to Shift 
Register 

0 

If SKL = 1, SK = clock 

If SKL = 0, SK = 0 

0 

1 

Shift Register 

Input to Shift 
Register 

Serial 

out 

If SKL = 1,SK = clock 

If SKL = 0, SK=0 

1 

0 

Binary Counter 

Input to Counter 

0 

SK = SKL 

1 

1 

Binary Counter 

Input to Counter 

1 

SK = SKL 
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HALT Mode 

The COP410C/411C is a fully static circuit; therefore, the 
user may stop the system osciiiator at any time to halt 
the chip. The chip aiso may be haited by the HALT instruc- 
tion or by forcing CKO high when it is used as a HALT I/O 
port. Once in the HALT mode, the internal circuitry does 
not receive any ciock signai, and is therefore frozen in 
the exact state it was in when halted. All information is 
retained until continuing. The HALT mode is the mini- 
mum power dissipation state. 

The HALT mode has slight differences depending upon 
the type of oscillator used. 

a. 1-pin oscillator — RC or external 

The HALT mode may be entered into by either pro- 
gram control (HALT instruction) or by forcing CKO to a 
logic “1” state. 

The circuit may be awakened by one of two different 
methods; 

1) Continue function. By forcing CKO to a logic “0”, 

the system-clock is re-enabled and the circuit con- 
tinues to operate from the point where it was 
stopped. 

2) Restart. Forcing the RESET pin to a logic “0" will 
restart the chip regardless of HALT or CKO (see 
Initialization). 

b. 2-pin oscillator— crystal 

The HALT mode may be entered into by program 
control (HALT instruction) which forces CKO to a 
logi c “1” st ate. The circuit can be awakened only by 
the RESET function. 


HALT I/O 



Halt I/O Port 


CKO Pin Options 

In a crystal-controlled oscillator system, CKO is used as 
an output to the crystal network. CKO will be forced high 
during the execution of a HALT instruction, thus inhibit- 
ing the crystal network. If a 1-pin oscillator system is 
chosen (RC or external), CKO will be selected as HALT 
and is an I/O flip-flop which is an indicator of the HALT 
status. An external signal can override this pin to start 
and stop the chip. By forcing a high level to CKO, the 
chip will stop as soon as CKI is high and the CKO output 
will go high to keep the chip stopped. By forcing a low 
level to CKO, the chip will continue and CKO output will 
go low. 

All features associated with the CKO I/O pin are 
available with the 24-pin package only. 


Oscillator Options 

There are three options available that define the use of 
CKI and CKO. 

a. Crystal-Controlled Oscillator. CKI and CKO are con- 
nected to an external crystal. The instruction cycle 
time equals the crystal frequency divided by 16 
(optionally by 8 or 4). 

b. External Oscillator. CKI is configured as LSTTL-com- 
patible input accepting an external clock signal. The 
external frequency is divided by 16 (optionally by 8 or 
4) to give the instruction cycle time. CKO is the HALT 
I/O port. 

c. RC-Controlled Oscillator. CKI is configured as a 
single pin RC-controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation frequency 
divided by 4. CKO is the HALT I/O port. 

The RC oscillator is not recommended in systems that 
require accurate timing or low current. The RC oscillator 
draws more current than an external oscillator (typically 
an additional lOOf^A at 5V). However, when the part 
halts, it stops with CKI high and the halt current is at 
the minimum. 



FIGURE 6. COP410C Oscillator 


RC-Controlled 

Crystal or Resonator Oscillator 


Crystal 

Value 

R1 

Component Values 
R2 CIpF C2pF 

Cycle 

R C Time Vqq 

32kHz 

220 k 

20 M 

30 . 

5-36 

15k 82pF 4-9 mS >4.5V 

455kHz 

5k 

10M 

80 

40 

30k 82pF 8-16mS >4.5V 

2.096 MHz 2 k 

1M 

30 

6-36 

47k lOOpF 16-32^3 2.4to4.5 

4.0 MHz 

1k 

1M 

30 

6-36 

Note: 15k<R< 150k, 
50pF<C<150pF 
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COP410C/COP411C Instruction Set 

Table 2 is a symbol table providing internal architecture, 
instruction operand and operational symbols used in the 
Instruction set tabie. 

Table 3 provides the mnemonic, operand, machine code, 
data flow, skip conditions and description associated 
with each instruction in the COP410C/COP411C instruc- 
tion set. 


Table 2. COP410C/411C Instruction Set Table Symbols 


Symbol 

Definition 

Symbol 

Dellnlllon 

INTERNAL ARCHITECTURE SYMBOLS 

INSTRUCTION OPERAND SYMBOLS 

A 

4-bit Accumulator 

d 

4-bit Operand Field, 0-15 binary (RAM Digit Select) 

B 

6-bit RAM Address Register 

r 

2-blt Operand Field, 0-3 binary (RAM Register 

Br 

Upper 2 bits of B (register address) 


Select) 

Bd 

Lower 4 bits of B (digit address) 

a 

9-bit Operand Field, 0-511 binary (ROM Address) 

C 

1-bit Carry Register 

y 

4-bit Operand Field, 0-15 binary (Immediate Data) 

D 

4-blt Data Output Port 

RAM(s) 

Contents of RAM location addressed by s 

EN 

4-bit Enabie Register 

ROM(t) 

Contents of ROM location addressed by t 

G 

L 

M 

4-bit Register to iatch data for G I/O Port 

8-bit TRI-STATE® i/0 Port 

4-bit contents of RAM Memory pointed to by B 

Register 

OPERATIONAL SYMBOLS 

-f Plus 

PC 

9-bit ROM Address Register (program counter) 

- 

Minus 

Q 

8-bit Register to latch data for L I/O Port 

- 

Replaces 

SA 

9-bit Subroutine Save Register A 

— 

Is exchanged with 

SB 

9-bit Subroutine Save Register B 

= 

Is equal to 

SIO 

4-bit Shift Register and Counter 

A 

The one's complement of A 

SK 

Logic-Controlied Ciock Output 

e 

Exclusive-OR 


Range of values 


Table 3. COP410C/411C Instruction Set 


Mnemonic 

Operand 

Hex 

Code 

Machine 
Language Code 
(Binary) 

Data Flow 

Skip Conditions 

Description 

ARITHMETIC INSTRUCTIONS 

ASC 


30 

loo 1 ilooool 

A -f- C + RAM(B) - A 
Carry — C 

Carry 

Add with Carry, Skip on 

Carry 

ADD 


31 

lo 0 1 llo 0 0 1| 

A -1- RAM(B) A 

None 

Add RAM to A 

AISC 

y 

5- 

loioil y 1 

A -f- y — A 

Carry 

Add Immediate, Skip on 

Carry (y * 0) 

CLRA 


00 


< 

t 

o 

None 

Clear A 

COMP 


40 

lo 1 oolooool 

>1 

i 

> 

None 

One’s complement of A to 

A 

NOP 


44 

lo 1 0 olo 1 0 ol 

None 

None 

No Operation 

RC 


32 

IHBHHBBIBB 

"0" - C 

None 

Reset C 

SC 


22 

lo 0 1 olo 0 1 ol 

"1" - C 

None 

Set C 

XOR 


02 


A © RAM(B)-* A 

None 

Exclusive-OR RAM with A 



11-29 


COP410C/COP411C, COP310C/COP311C andCOP210C/COP211C 














COP410C/COP411C, COP310C/COP311C and COP210C/COP211C 


Table 3. COP410C/411C Instruction Set (Continued) 

Mnemonic 

Operand 

Machine 

Hex Language Code 

Code (Binary) 

Data Flow 

Skip Conditions 

Description 

TRANSFER OF CONTROL INSTRUCTIONS 

JID 


FF 

1 1 1 ill 1 1 1| 

ROM (PC8,A,M) - 

None 

Jump Indirect (Note 2) 





PCy.O 


JMP 

a 

6- 

00 

eg 

o 

o 

o 

o 

o 

a - PC 

None 

Jump 



r- 

37:0 1 




JP 

a 

- 

1| 36:0 1 

3 ■* PC 6:0 

None 

Jump within Page 




(pages 2,3 only) 

or 

111 35:0 1 

3 ^ PC 5:0 


(Note 1) 



(all other pages) 




JSRP 

a 

- 

1 0| 35:0 1 

PC + 1 - SA - SB 

None 

Jump to Subroutine Page 





010 - PC8:6 

3 ^ FCs o 


(Note 2) 

JSR 

a 

6- 

01 lolioojael 

PC + 1 - SA - SB 

None 

Jump to Subroutine 




37:0 1 

a - PC 



RET 


48 

0 1 o oh oool 

SB - SA -* PC 

None 

Return from Subroutine 

RETSK 


49 

0 1 ooli 00 ll 

SB -* SA - PC 

Always Skip on Return 

Return from Subroutine 

HALT 


33 loo 1 llOOl 1| 


None 

then Skip 

Halt processor 



38 |00 1 1|1 000| 


MEMORY REFERENCE INSTRUCTIONS 

CAMQ 


33 |0 0 1 l|0 0 1 l| 

A - 07:4 

None 

Copy A, RAM to 0 



30 lO 0 1 ill 1 OOl 

RAM(B)-Q3:o 



LD 

r 

-5 |0 0| r |0 1 0 l| 

RAM(B) - A 

None 

Load RAM into A, 





Br (i> r — Br 


Exclusive-OR Br with r 

LQID 


BF 

1 0 1 lh 1 1 l| 

R0M(PC8.A,M) - Q 

None 

Load 0 Indirect 





SA - SB 



RMB 

0 


0 -* RAM(B)o 

None 

Reset RAM Bit 


1 


0 - RAM(B)i 




2 

42 

MMilliIiMiM 

0 - RAM(B)2 




.3 

43 


0 ^ RAM(B)3 



SMB 

0 

4D 

0 1 0 oil 1 0 l| 

1 - RAM(B)o 

None 

Set RAM Bit 


1 

47 


1 - RAM(B)i 




2 

46 

[iiinnisnnl 

1 - RAM(B)2 




3 

4B 


1 - RAM(B)3 



STII 

y 

7- 

01 1 1| y 1 

y - RAM(B) 

None 

Store Memory Immediate 





Bd + 1 - Bd 


and Increment Bd 

X 

r 

-6 

0 0| r |0 1 1 0| 

RAM(B) — A 

None 

Exchange RAM with A, 





Br ® r — Br 


Exclusive-OR Br with r 

■ XAD 

3,15 

23 

0 0 1 olo 0 1 ll 

RAM(3,15) ~ A 

None 

Exchange A with RAM 



BF 

1 0 1 ill 1 1 ll 



(3,15) 

XDS 

r 

-7 

0 0 1 r lO 1 1 ll 

RAM(B) *— A 

Bd - 1 Bd 

Br ® r -► Br 

Bd decrements past 0 

Exchange RAM with A 
and Decrement Bd, 
Exclusive-OR Br with r 

XIS 

r 

-4 

lOOl r lO 1 OOl 

RAM(B) — A 

Bd + 1 Bd 

Br ® r — Br 

Bd increments past 15 

Exchange RAM with A 
and Increment Bd, 
Exclusive-OR Br with r 
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Table 3. COP410C/411C Instruction Set (Continued) 



Machine 





Hex 

Language Code 




Mnemonic Operand 

Code 

(Binary) 

Data Flow 

Skip Conditions 

Description 

REGISTER REFERENCE INSTRUCTIONS 

CAB 

50 

lo 1 0 llo 0 0 ol 

A Bd 

None 

Copy A to Bd 

CBA 

4E 

lo 1 0 oh 1 1 ol 

Bd - A 

None 

Copy Bd to A 

LBI r,d 

-- 

1 

O 

o 

r,d — B 

Skip until not a LBI 

Load B Immediate with 



(d = 0,9:15) 



r.d 

LEI y 

33 

lo 0 1 llo 0 1 1| 

y - EN 

None 

Load EN Immediate 


6- 

lo 1 1 Ol y 1 




TEST INSTRUCTIONS 

SKC 

20 

lo 0 1 OlO 0 0 Ol 


C = ■■1" 

Skip if C is True 

SKE 

21 



A RAM(B) 

Skip if A Equals RAM 

SKGZ 

33 

lo 0 1 llo 0 1 ll 


G3:0 = 0 

Skip if G is Zero ■ 


21 

lo 0 1 OlO 0 0 1 | 



(all 4 bits) 

SKGBZ 

33 

lo 0 1 llo 0 1 ll 

1st byte 


Skip if G Bit is Zero 

0 

01 

lo 0 0 OlO 0 o il 

1 


Go = 0 


1 

11 

lo 0 0 llo 0 0 ll 

1 

|2nd byte 

o 

11 

o 


2 

03 


1 


o 

CNJ 

o 


3 

13 

lo 0 0 llo 0 1 l| 

) 


G3 = 0 


SKMBZ 0 

01 

looooloooil 


RAM(B)o = 0 

Skip if RAM Bit is Zero 

1 

11 

loooiloooii 


RAM(B)i = 0 


2 

03 

lo 0 0 OlO 0 1 ll 


RAM(B)2 = 0 


3 

13 

lo 0 0 l|0 0 1 l| 


RAM(B)3 = 0 



INPUT/OUTPUT INSTRUCTIONS 


ING 

33 

lo 0 1 llo 0 1 ll 

G - A 

None 

Input G Ports to A 

o 


2A 

lo 0 1 Oh 0 1 Ol 





INL 

33 


L7:4 - RAM(B) 

None 

Input L Ports to RAM, A 

V / 

o 


2E 

lo 0 1 oh 1 1 ol 

L3:0 A 



■0 

OBD 

33 

lo 0 1 llo 0 1 11 

Bd - D 

None 

Output Bd to D Outputs 

lO 


3E 

lo 0 1 ill 1 1 ol 





OMG 

33 

lo 0 1 llo 0 1 ll 

RAM{B) - G 

None 

Output RAM to G Ports 

V J 


3A 

lo 0 1 ill 0 1 ol 





XAS 

4F 

lo 1 0 oh 1 1 ll 

A — StO, C - SKL 

None 

Exchange A with SIO 

111 ] 


Nola 1: The JP instruction allows a jump, while in subroutine pages 2 or 3. to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 
2 or 3. JSRP may not jump to the last word in page 2. 
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The following information is provided to assist the user 
in understanding the operation of severai unique 
instructions and to provide notes useful to programmers 
in writing COP410C/COP411C programs. 

XAS instruction 

XAS (Exchange A with SIO) exchanges the 4-bit contents 
of the accumuiator with the 4-bit contents of the SIO 
register. The contents of SiO wili contain seriai-in/serial- 
out shift register or binary counter data, depending on 
the vaiue of the EN register. An XAS instruction will also 
affect the SK output. (See Functional Description, EN 
Register. If SIO is selected as a shift register, an XAS 
instruction must be performed once every four instruction 
cycle times to effect a continuous data stream. 

JID Instruction 

JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location 
pointed to indirectly by A and M. It loads the lower eight 
bits of the ROM address register PC with the contents of 
ROM addressed by the 9-bit word, PCs, A, M. PCs is not 
affected by this instruction. 

Note: JID uses two Instruction cycles If executed, one If skipped. 

LQID Instruction 

LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 9-bit word PCa, A, M. 
LQID can be used for table look-up or code conversion 
such as BCD to 7-segment. The LQID instruction 
“pushes” the stack (PC + 1 -♦SA-*SB) and replaces the 
least significant eight bits of the PC as follows: A-* 
PC 7 : 4 , RAM(B)-*PC 3 ;o, leaving PCs unchanged. The ROM 
data pointed to by the new address is fetched and 
loaded into the Q latches. Next, the stack is "popped” 
(SB— SA— PC), restoring the saved value of the PC to 
continue sequential program execution. Since LQID 
pushes SA— SB, the previous contents of SB are lost. 

Note: LQID uses two Instruction cycles if executed, one if skipped. 

Instruction Set Notes 

a. The first word of a COP410C/COP411C program (ROM 
address 0) must be a CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, one 
instruction cycle time is devoted to skipping each byte 
of the skipped instruction. Thus all program paths take 
the same number of cycle times whether instructions 
are skipped or executed (except JID and LQID). 

c. The ROM is organized into eight pages, of 64 words 
each. The program counter is a 9-bit binary counter, 
and will count through page boundaries. If a JP, JSRP, 
JID, or LQID instruction is located in the last word of a 
page, the instruction operates as if it were in the next 
page. For example: A JP located in the last word of a 
page will jump to a location in the next page. Also, a 
LQID or JID located in the last word In page 3 or 7 will 
access data in the next group of four pages. 


Power Dissipation 

The lowest power drain is when the clock is stopped. As 
the frequency increases so does current. Current is also 
lower at lower operating voltages. Therefore, to mini- 
mize power consumption, the user should run at the low- 
est speed and voltage that his application will allow. The 
user should take care that all pins swing to full supply 
levels to ensure that outputs are not loaded down and 
that inputs are not at some intermediate level which may 
draw current. Any input with a slow rise or fall time will 
draw additional current. A crystal- or resonator-gener- 
ated clock will typically draw 100^A more than a square- 
wave input. An RC oscillator will draw even more current 
since the input is a slow rising signal. 

If using an external squarewave oscillator, the following 
equation can be used to calculate the COP410C current 
drain. 

Ic = Iq -k (V X 20 X Fi) -k (V x 1280 x Fi/Dv) 
where lc = chip current drain in microamps 

Iq = quiescent leakage current (from curve) , 
FI = OKI frequency In megahertz 
V = chip Vcc in volts 
Dv = divide by option selected 

For example, at 5V Vcc and 400kHz (divide by 4), 

Ic = 10 -k (5 X 20 X 0.4) -k (5 X 1280 x 0.4/4) 
lc = 10-k40-k640 = 690/iA 

I/O Options 

COP410C/COP411C outputs have the following optional 
configurations, illustrated in Figure 7: , 

a. Standard. A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel 
device to Vcc. compatible with CMOS and LSTTL. 

b. Low Current. This is the same configuration as (a) 
above except that the sourcing current is much less. 

c. Open Drain. An N-channel device to ground only, 
allowing external pull-up as required by the user’s 
application. 

d. Standard TRI-STATE L Output. A CMOS output 
buffer similar to (a) which may be disabled by 
program control. 

e. Low-Current TRI-STATE L Output. This is the same as 
(d) above except that the sourcing current is much less. 

f. Open-Drain TRI-STATE L Output. This has the 
N-channel device to ground only. 

The SI and RESET inputs are Hi-Z inputs {Figure 7g). 

When using either the G or Ll/0 ports as inputs, a pull-up 
device is necessary. This can be ^ external device or 
the following alternative is available: Select the low- 
current output option. Now, by setting the output regis- 
ters to a logic “1” level, the P-channel devices will act as 
the pull-up load. Note that when using the L ports in this 
fashion, the Q registers must be set to a logic “1” level 
and the L drivers must be enabled by an LEI instruction. 
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d. Standard TRI-STATE® 
“L” Output 





a. Standard Push-Pull Output 
Vcc 


b. Low Current Push-Pull 
Output 

Vcc 

DISABLE K. 

-H>-Dh ^3 




e. Low Current TRI-STATE 
“L” Output 
Vcc 




g. Hi-Z Input 

FIGURE 7. I/O Configurations 


All output drivers use one or more of three common 
devices numbered 1 to 3. Minimum and maximum cur- 
rent (louT and Vqut) curves are given in Figure 8 for each 
of these devices to aliow the desiger to effectively use 
these I/O configurations. 

Option List 

The COP410C/COP411C mask-programmable options 
are assigned numbers which correspond with the 
COP410C pins. 

The following is a list of COP410C options. When 
specifying a C0P411 chip, options 20, 21, and 22 must be 
set to 0. The options are programmed at the same time 
as the ROM pattern to provide the user with the hard- 
ware flexibility to interface to various I/O components 
using little or no external circuitry. 

Option 1: 0 = Ground Pin. No options available. 

Option 2: CKO I/O Port. Determined by Option 3. 
Optiori 3: CKI Input. 

= 0: Crystal-controlled oscillator input 
(^4). 

= 1; Single-pin RC-controlled oscillator 
(^4). 

= 2: External pscillator input (-i-4). 

= 3: Crystal oscillator input (-^8). 

= 4; External oscillator input (-^-8). 

= 5: Crystal oscillator input (-s-16). 

= 6: External oscillator input (^16). 

Option 4; RESET Input = 1: Hi-Z input. No option 
available. 

Option 5: L7 Driver 

= 0: Standard TRI-STATE push-pull output. 
= 1: Low-current TRI-STATE push-pull 
output. 

= 2: Open-drain TRI-STATE output. 


Option 6: 
Option 7: 
Option 8: 
Option 9: 
Option 10: 
Option 11: 
Option 12: 
Option 13: 
Option 14: 


Option 15: 


Option 16: 
Option 17: 
Option 18: 
Option 19: 
Option 20: 
Option 21: 
Option 22: 
Option 23: 
Option 24: 
Option 25: 


Option 26: 
Option 27: 


Vcc 



c. Open-Drain Output 
Vcc 



f. Open Drain TRI-STATE 
“L” Output 


Le Driver. (Same as Option 5.) 

L5 Driver. (Same as Option 5.) 

L4 Driver. (Same as Option 5.) 

Vcc Pin. 

L3 Driver. (Same as Option 5.) 

L2 Driver. (Same as Option 5.) 

Li Driver. (Same as Option 5.) 

Lq Driver. (Same as Option 5.) 

SI Input. 

No option available. 

= 1: Hi-Z input. 

SO Output. 

= 0: Standard push-pull output. 

= 1: Low-current push-pull output. 
= 2: Open-drain output. 

SK Driver. (Same as Option 15.) 

Go I/O Port. (Same as Option 15.) 

Gi I/O Port. (Same as Option 15.) 

G2 I/O Port. (Same as Option 15.) 

G3 I/O Port. (Same as Option 15.) 

D3 Output. (Same as Option 15.) 

D2 Output. (Same as Option 15.) 

Di Output. (Same as Option 15.) 

Do Output. (Same as Option 15.) 
Internal Initialization Logic. 

= 0: Normal operation. 

= 1: No internal initialization logic. 
No option available. 

COP Bonding. 

= 0: COP410C (24-pin device). 

= 1: COP411C (20-pin device). 

= 2: COP410Cand COP411C. 
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COP410C/COP411C, COP310C/COP311C and COP210C/COP211C 





C0P41 OC/COP41 1 C, C0P31 OC/COP31 1 C and C0P21 OC/COP21 1 C 
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National 

Semiconductor 


PRELIMINARY 



COP424C, COP425C, COP426C, COP324C, COP325C, 
COP326C and COP444C, COP445C, COP344C, COP345C 
Single Chip 1k and 2k CMOS Microcontrollers 


General Description Features 

The COP424C, COP425C. GOP426C, COP444C and ■ 

COP445C fully static, Single-Chip CMOS Microcontrollers n 
are members of the COPS™ family, fabricated using dou- ^ B 
ble-poly, silicon gate CMOS (microCMOS) technology. B 
These Controller Oriented Processors are complete micro- B 
computers containing all system timing, internal logic, ROM, b 
RAM, and I/O necessary to implement dedicated control 
functions in a variety of applications. Features include single b 
supply operation, a variety of output configuration options, B 

with an instruction set, internal architecture and I/O scheme b 

designed to facilitate keyboard input, display output and b 
BCD data manipulation. The COP424C and COP444C are a 
28 pin chips. The COP425C and COP445C are 24-pin ver- B 
sions (4 inputs removed) and COP426C is 20-pin version 
with 15 I/O lines. Standard test procedures and reliable ■ 
high-density techniques provide the medium to large volume ■ 
customers with a customized microcontroller at a low end- Q 
product cost. These microcontrollers are appropriate ■ 
choices in many demanding control environments especial- ■ 
ly those with human interface. 

The COP424C is an improved product which replaces the 
COP420C. 


Lowest Power Dissipation (50 p,W typical) 

Fully static (can turn off the clock) 

Power saving IDLE state and HALT mode 
4 fis instruction time, plus software selectable clocks 
2k X 8 ROM, 128 X 4 RAM (COP444C/COP445C) 

Ik X 8 ROM, 64 X 4 RAM (COP424C/COP425C/ 
COP426C) 

23 I/O lines (COP444C and COP424C) 

True vectored interrupt, plus restart 
Three-level subroutine stack 
Single supply operation (2.4V to 5.5V) 

Programmable read/write 8-bit timer/event counter 
Internal binary counter register with MICROWIREtm se- 
rial I/O capability 

General purpose and TRI-STATE® outputs 
LSTTL/CMOS compatible 
MICROBUStm compatible 

Software/hardware compatible with COP400 family 
Extended temperature range devices COP324C/ 
COP325C/COP326C and COP344C/COP345C (-40°C 
to ^-85°C) 

Military devices (-55°C to ■+-125°C) to be available 
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COP424C/COP425C/COP426C and COP444C/COP445C 



Absolute Maximum Ratings 




Supply Voltage (Vcc) 

6V Absolute maximum ratings indicate limits beyond which 

Voltage at any pin -0.3Vto Vrr -t- 0.3V damage to the device may occur. DC and AC electrical 

Total Allowable Source Current 

25 mA specifications are not ensured when operating the device at 

Total Allowable Sink Current 

25 mA absolute maximum ratings. 



Operating temperature range 

O^Cto -f-70°C 




Storage temperature range 

-65'‘Cto -l-150°C 




Lead temperature (soldering, 10 seconds) 

300°C 




DC Electrical Characteristics o°c^ta^7o°c unless othenwise specified 



Parameter 

Conditions 

Min 

Max 

Units 

Operating Voltage 


2.4 

5.5 

■■1 

Power Supply Ripple (Note 5) 

Peak to Peak 


0.1 Vcc 


Supply Current 

Vcc ~ 2.4 V, tc = 64 p.s 


120 

p,A. 

(Note 1) 

Vcc = 5.0V.tc=16>is 


700 

ju,A 


Vcc ~ 5.0V, tc = 4 )iis 
(tc is instruction cycle time) 


3000 

/iA 

HALT Mode Current 

Vcc=5.0V.F|N=0kHz 


40 

fxA 

(Note 2) 

Vcc = 2.4V,F|N = 0kHz 


12 

/iA 

Input Voltage Levels 

RESET, CKI, Do (clock input) 



. 

■■ 

Logic High 


0.9 Vcc 



Logic Low 

All other inputs 



0.1 Vcc 

H 

Logic High 


0.7 Vcc 


V 

Logic Low 



0.2 Vcc 

V 

Input Pull-up current 

Vcc = 4.5V, V|N = 0 

30 

330 

,iA 

Hi-Z input leakage 


-1 

■fl 

/iA 

Input capacitance (Note 4) 



7 

PF 

Output Voltage Levels 

Standard outputs 




LSTTL Operation 

Vcc = 5.0 V ±5% 


■ 


Logic High 

IOH= ~100 p.A 

2.7 



Logic Low 

CMOS Operation 

Iql ~ 400 p.A 


0.4 

H 

Logic High 

Ioh = -10mA 

C\J 

0 

1 

o 

o 

> 



Logic Low 

Iol = 10>iA 


0.2 


Output current levels (except CKO) 

Sink (Note 6) 

Vcc = 4.5 V, Vqut = Vcc 

1.2 


mA 


Vcc = 2.4 V, Vqut = Vcc 

0.2 


mA 

Source (Standard Option) 

Vcc = 4.5 V, Vqut = OV 

0.5 


mA 


Vcc=2.4V,Vout=0V 

0.1 


mA 

Source (Low Current Option) 

Vcc = 4.5V, VquT^OV 

30 

330 

/iA 


Vcc = 2.4V,Vout=0V 

6 

80 

jxA 

CKO Current Levels (As Clock Out) 





Sink -h4 "1 


0.3 


mA 

^8 r 

Vcc = 4.5V,CKI = Vcci Vout = V cc 

0.6 


mA 

-16 J 


1.2 


mA 

Source "^4 


0.3 


mA 

-8 \ 

Vcc= 4.5V,CKI = 0V,VouT= OV 

0.6 


mA 

-16 J 


1.2 


mA 

Allowable Sink/Source current per pin 



5 

mA 

(Note 6) 





Allowable Loading on CKO (as HALT) 



100 

pF 

Current needed to over-ride HALT 





(Note 3) 

To continue 

Vcc = 4.5V, V|N = .2Vcc 


■■ 

mA 

To halt 

Vcc = 4.5V, V|N = .7Vcc 



mA 

TRI-STATE or open drain 
leakage current 


-2.5 

-1-2.5 

/iA 
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COP424C/COP425C/COP426C and COP444C/COP445C 
AC Electrical Characteristics 0°C^Ta^ 70°C unless otherwise specified 


Parameter 

Conditions 

Instruction Cycle Time (tc) 

Operating CKI -f- 4 mode T 

Frequency -f- 8 mode > 

-f- 16 mode j 
-T- 4 mode 'I 

8 mode > 

-i- 16 mode J 

Duty Cycle (Note 4) 

Rise Time (Note 4) 

Fall Time (Note 4) 

VccS4.5V 

4.5V>Vcc^2.4V 

VccS4.5V 

4.5V>Vcc^2.4V 

fl=4MHz 

fi =4 MHz external clock 
fi = 4 MHz external clock 

Instruction Cycle Time. 

RC Oscillator (Note 4) 

R = 30k. Vcc = 5V 

C=82 pF(^4Mode) 

Inputs: (See Figure 3) 

'setup 

'hold 

Output propagation delay 
tPDI. 'PDO 
'PDI.'PDO 

G Inputs 'j 

SI Input Vcc^ 4.5V 

All Others J 

Vcc^ 4.5V 

4.5 V > Vcc ^ 2.4V 

Vout = T5V. Cu= 100 pF, RL=5k 
Vcc^ 4.5V 

4.5V>Vcc^2.4V 

MICROBUStm timing 

Read Operation {Figure 4) 

Chip select stable before RD -tcsR 

Chip select hold time for RD -tpcs 

RD pulse width -tpR ' 

Data delay from RD -tpo 

RD to data floating -top (Note 4) 

CL =50 pF,Vcc=5V±5% 

Write Operation {Figure 5) 

Chip select stable before WR -tcsw 

Chip select hold time for WR -twcs 

WR pulse width -tww 

Data set-up time for WR -tow 

Data hold time for WR -two 

INTR transition time from WR -tyvi 




Note 1: Supply current is measured after running (or ZOOO cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vcc with 20k 
resistors. See current drain equation on page 1 7. 

Note 2: The HALT mode will stop CKI from oscillating In the RC and crystal configurations. Test conditions: all inputs tied to Vcc. L lines in TRI-STATE mode and 
tied to ground, all outputs low and tied to ground. 

Note 3: When forcing HALT, current Is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4; This parameter Is only sampled and not 100% tested. 

Note 5: Voltage change must be less than 0.5 volts in a 1 ms period. 

Note 6: SO output sink current must be limited to keep Vqi. less than 0.2Vcc when part Is running In order to prevent entering test mode. 
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COP324C/COP325C/COP326C and COP344C/COP345C 



Absolute Maximum Ratings 




Supply Voltage 

0V Absolute maximum ratings indicate limits beyond which 

Voltage at any pin 

Total Allowable Source Current 

0 3V to V -f- 0 3V damage to the device may occur. DC and AC electrical 

^ ■ specifications are not ensured when operating the device at 

Total Allowable Sink Current 

25 mA 



Operating temperature range 

-40”cto -fas'C 




Storage temperature range 

-65°Cto -f150“C 




Lead temperature (soldering, 10 seconds) 300®C 




DC Electrical Characteristics -4o°c^ta^+85°c unless othenwise specified 



Parameter 

Conditions 

Min 

Max 

Units 

Operating Voltage 


3.0 

5.3 

■■ 

Power Supply Ripple (Note 5) 

Peak to Peak 


O.IVcc 

■■1 

Supply Current 

Vcc = 3.0V, tc = 64 /IX.S 


180 

/iA 

(Notel) 

Vcc = 5.0V,tc=16/Lis 


800 

fiA 


Vcc = 5.0V, tc=4 /iS 
(tc is instruction cycle time) 


3600 

fiA 

HALT Mode Current 

Vcc = 5.0V, F(N = 0kHz 


60 

fiA 

(Note 2) 

Vcc = 3.0V, F|N=0kHz 


30 

fiA 

Input Voltage Levels 





RESET, CKI, Do (clock input) 





Logic High 


0.9 Vcc 



Logic Low 

All other inputs 



0.1 Vcc 


Logic High 


0.7 Vcc 



Logic Low 



0.2 Vcc 


Input Pull-up current 

Vcc = 4.5V, V|N=0 

30 

440 

fiA 

Hi-Z input leakage 


-2 

+ Z 

IxA 

Input capacitance (Note 4) 



7 

PF . 

Output Voltage Levels 

Standard outputs 




LSTTL Operation 

Vcc = 5.0V ±5% 




Logic High 


2.7 



Logic Low 

CMOS Operation 

Iol~ 400 p,A 


0.4 

WM 

Logic High 

IOH= -10 nA 

< 

o 

o 

1 

o 

ro 



Logic Low 

Iql^IO ju,A 


0.2 


Output current levels (except CKO) 
Sink (Note 6) 

Vcc = 4.5V, VquT = Vcc 

1.2 


mA 


Vcc = 3.0V, VoUT = Vcc 

0.2 


mA 

Source (Standard Option) 

Vcc=4.5V, Vout=0V 

0.5 


mA 

, 1 

Vcc = 3.0 V, VouT = OV 

0.1 


mA 

Source (Low Current Option) 

Vcc = 4.5 V, VouT= OV 

30 

440 

fxA 


Vcc = 3.0V,Vout=0V 

8 

200 

}iA 

CKO Current Levels (As Clock Out) 





Sink -^4 ^ 


0.3 


mA 

-^8 1 

Vcc = 4.5V, CKi = Vcc. Vqut = Vcc 

0.6 


mA 

-16 J 


1.2 


mA 

Source -^-4 'i 


0.3 


mA 

-8 \ 

Vcc = 4.5V, CKI = OV, Vqut = OV 

0.6 


mA 

H-16 J 


1.2 


mA 

Allowable Sink/Source current per 



5 

mA 

pin (Note 6) 





, Allowable Loading on CKO (as HALT) 



100 

pF 

Current needed to over-ride HALT 





(Note 3) » 

To continue 

Vcc= 4.5 V,V|n=0.2Vcc 


0.9 

mA 

To halt 

Vcc = 4.5 V,V|n = 0.7Vcc 


2.1 

mA 

TRI-STATE or open drain 
leakage current 


-5 

+ 5 

fiA 
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COP324C/COP325C/COP326C and COP344C/COP345C 


AC Electrical Characteristics -40°C^Ta^; + 85'’C unless other specified 


Parameter 

Conditions 

Min 

Max 

Units 

Instruction Cycle Time (tc) 

Vcc^4.5V 

4 

DC 

)i.S 


4.5V>Vcc^30V 

16 

DC 

JU.S 

Operating CKI h- 4 mode ^ 


DC 

1.0 

MHz 

Frequency -f- 8 mode > 

Vcc ^ 4.5V 

DC 

2.0 

MHz 

-r 16 mode j 


DC 

' 4.0 

MHz 

4 mode '| 


DC 

250 

kHz 

8 mode > 

4.5V>Vcc5:3.0V 

DC 

500 

kHz 

-r 16 mode J 


DC 

1.0 

MHz 

Duty Cycle (Note 4) 

fl = 4MHz 

40 

60 

% 

Rise Time (Note 4) 

fi = 4 MHz external clock 


60 

ns 

Fali Time (Note 4) 

fi = 4 MHz external clock 


40 

ns 

Instruction Cycle Time. 

R = 30k, Vcc = 5V 




RC Oscillator (Note 4) 

C = 82 pF (-;-4 Mode) 

8 

16 

flS 

Inputs: (See Figure 3) 





tSETUP 

G Inputs 'I 

tc/44-.7 


IXS 


SI Inputs > Vcc^ 4.5V 

0.3 


fXS 


All Others J 

1.7 


flS 

‘hold 

VccS 4.5V 

0.25 


fj,s 


4.5V>Vcc^3-0V 

1.0 


flS 

Output propagation delay 

Vout = 1 .5V, Cl = 1 00 pF, Rl = 5k 




tpDi. tPDO 

VccS 4.5V 


1.0 

flS 

tPDI. tPDO 

4.5V > Vcc ^ 3.0 V 


4.0 

flS 

MICROBUStm timing 

CL = 50pF, Vcc = 5V±5% 




Read Operation (Figure 4) 





Chip select stable before RD -tcsR 


65 


ns 

Chip select hold time for RD — tRcs 


20 


ns 

RD pulse width -tRR 


400 


ns 

Data delay from RD -tpo 



375 

ns 

RD to data floating -top (Note 4) 



250 

ns 

Write Operation (Figure 5) 





Chip select stable before WR -tcsw 


65 


ns 

Chip select hold time for WR — twcs 


20 


ns 

WR pulse width -tww 


400 


ns 

Data set-up time for WR -tow 


320 


ns 

Data hold time for WR -twD 


100 


ns 

INTR transition time from Wr -tyyi 



700 

ns 


Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vcc with 20k 
resistors. See current drain equation on page 17. 

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to Vcc. L 'O TRI-STATE mode and 
tied to ground, all outputs low and tied to ground. 

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 


Note 4: This parameter is only sampled and not 100% tested. 

Note 5: Voltage change must be less than 0.5 volts in a 1 ms period. 

Note 6: SO output sink current must be limited to keep Vql less than 0.2Vcc when part is running in order to prevent entering test mode. 


Functional Description 

The internal architecture is shown in Figure 1. Data paths 
are illustrated in simplified form to depict how the various 
logic elements communicate with each other in implement- 
ing the instruction set of the device. Positive logic is used. 
When a bit is set, it is a logic “1”, when a bit is reset, it is a 
logic “0”. 

For ease of reading only the COP424C/425C/COP426C/ 
444C/445C are referenced; however, all such references 
apply equally to COP324C/325C/COP326C/344C/345C. 


PROGRAM MEMORY 

Program Memory consists of ROM, 1024 bytes for the 
COP424C/425C/COP426C and 2048 bytes for the 
COP444C/445C. These bytes of ROM may be program in- 
structions, constants or ROM addressing data. 

ROM addressing is accomplished by a 11 -bit PC register 
which selects one of the 8-bit words contained in ROM. A 
new address is loaded into the PC register during each in- 
struction cycle. Unless the instruction is a transfer of control 
instruction, the PC register is loaded with the next sequen- 
tial 11 -bit binary count value. 
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Connection Diagrams 



TL/DD/5259-2 

Order Number COP425C-XXX/D, 
COP325C-XXX/D, COP445C-XXX/D, 
COP345C-XXX/D 
See NS Package D24C 
Order Number COP425C-XXX/N, 
COP325C-XXX/N, COP445C-XXX/N, 



TL/DD/5259-3 

Order Number COP326C'XXX/D, 
COP426C-XXX/D 
See NS Package D20A 
Order Number COP426C-XXX/N, 
COP326C-XXX/N 
See NS Package N20A 



Order Number COP424C XXX/D, 
COP324CXXX/D, COP444C-XXX/D, 
COP344C-XXX/D 


See NS Package 028C 
Order Number COP424C XXX/N. 
COP324C-XXX/N, COP444C-XXX/N, 


COP345CXXX/N FIGURE 2 COP344CXXX/N 

See NS Package N24A See NS Package N28B 


Pin 

Description 

Pin 

Description 

L7-L0 

8-bit bidirectional port with TRI-STATE 

CKI 

Chip oscillator input 

G3-G0 

4-bit bidirectional I/O port 

CKO 

Oscillator output, HALT I/O port or 

D3-D0 

4-bit output port 


general purpose Input 

IN3-IN0 

4-bit input port (28 pin package only) 

RESET 

Reset input 

SI 

Serial input or counter Input 

Vcc 

Most positive power supply 

SO 

Serial or general purpose output 

GND 

Ground ‘ 

SK 

Logic controlled clock output 




Functionai Description (Continued) 

Three levels of subroutine nesting are implemented by a 
three level deep stack. Each subroutine call or interrupt 
pushes the next PC address into the stack. Each return 
pops the stack back into the PC register. 

DATA MEMORY 

Data memory consists of a 512-bit RAM for the COP444C/ 
445C, organized as 6 data registers of 16 x 4-bit digits. 
RAM addressing is implemented by a 7-bit B register whose 
upper 3 bits (Br) select 1 of 8 data registers and lower 4 bits 
(Bd) select 1 of 16 4-bit digits in the selected data register. 
Data memory consists of a 256-bit RAM for the COP424C/ 
425C/426C, organized as 4 data registers of 16 x 4-bits 
digits. The B register is 6 bits long. Upper 2 bits (Br) select 1 
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit 
digits in the selected data register. While the 4-bit contents 
of the selected RAM digit (M) are usually loaded into or 
from, or exchanged with, the A register (accumulator), it 
may also be loaded into or from the Q latches or T counter 
or loaded from the L ports. RAM addressing may also 
be performed directly by the LDD and XAD instructions 
based upon the immediate operand field of these instruc- 
tions. 

The Bd register also serves as a source register for 4-bit 
data sent directly to the D outputs. 

INTERNAL LOGIC 


also be used to load the Br and Bd portions of the B regis- 
ter, to load and input 4 bits of the 8-bit Q latch or T counter, 
to input 4 bits of L I/O ports data, to input 4-bit G, or IN 
ports, and to perform data exchanges with the SIO register. 
A 4-bit adder performs the arithmetic and logic functions, 
storing the results in A. It also outputs a carry bit to the 1-bit 
C register, most often employed to indicate arithmetic over- 
flow. The C register in conjunction with the XAS instr"uction 
and the EN register, also serves to control the SK output. 
The 8-bit T counter is a binary up counter which can be 
loaded to and from M and A using CAMT and CTMA instruc- 
tions. This counter may be operated in two modes depend- 
ing on a mask-programmable option: as a timer or as an 
external event counter. When the T counter overflows, an 
overflow flag will be set (see SKT and IT instructions below). 
The T counter is cleared on reset. A functional block dia- 
gram of the timer/counter is illustrated in Figure 10a. 

Four general-purpose inputs, IN3-IN0, are provided. INI, IN2 
and INS may be selected, by a mask-programmable option 
as Read Strobe, Chip Select, and Write Strobe inputs, re- 
spectively, for use in MICROBUS application. 

The p register provides 4 general-purpose outputs and is 
used as the destination register for the 4-bit contents of Bd. 
In the dual clock mode, DO latch controls the clock selection 
(see dual oscillator below). 

The G register contents are outputs to a 4-bit general-pur- 
pose bidirectional I/O port. GO may be mask-programmed 
as an output for MICROBUS applications. 


The processor contains its own 4-bit A register (accumula- The Q register is an internal, latched, 8-bit register, used to 

tor) which is the source and destination register for most I/O, hold data loaded to or from M and A, as well as 8-bit data 

arithmetic, logic, and data memory access operations. It can from ROM. Its contents are outputted to the L I/O ports 
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Functional Description (Continued) 

when the L drivers are enabled under program control. With 
the MICROBUS option selected, Q can also be loaded with 
the 0-bit contents of the L I/O ports upon the occurence of 
a write strobe from the host CPU. 

The 8 L drivers, when enabled, output the contents of 
latched Q data to the L I/O port. Also, the contents of L may 
be read directly into A and M. As explained above, the 
MICROBUS option allows L I/O port data to be latched into 
the Q register. 

The SIO register functions as a 4-bit serial-in/serial-out shift 
register for MICROWIRE I/O and COPS peripherals, or as a 
binary counter (depending on the contents of the EN regis- 
ter). Its contents can be exchanged with A. 

The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the ouput of SKL; in the shift register 
mode, SK outputs SKL ANDed with the clock. 

EN is an internal 4-bit register loaded by the LEI instruction. 
The state of each bit of this register selects or deselects the 
particular feature associated with each bit of the EN regis- 
ter: 

0. The least significant bit of the enable register, ENO, se- 
lects the SIO register as either a 4-bit shift register or a 
4-bit binary counter. With ENO set, SIO is an asynchro- 
nous binary counter, decrementing its value by one upon 
each low-going pulse (“1” to “0”) occurring on the SI 


input. Each pulse must be at least two instruction cycles 
wide. SK outputs the value of SKL. The SO output equals 
the value of EN3. With ENO reset, SIO is a serial shift 
register left shifting 1 bit each instruction cycle time. The 
data present at SI goes into the least significant bit of 
SIO. SO can be enabled to output the most significant bit 
of SIO each cycle time. The SK outputs SKL ANDed with 
the instruction cycle clock. 

1. With EN1 set, interrupt is enabled. Immediately following 
an interrupt, EN1 is reset to disable further interrupts. 

2. With EN2 set, the L drivers are enabled to output the 
data in Q to the L I/O port. Resetting EN2 disables the L 
drivers, placing the L I/O port in a high-impedance input 
state. 

3. EN3, in conjunction with ENO, affects the SO output. With 
ENO set (binary counter option selected) SO will output 
the value loaded into EN3. With ENO reset (serial shift 
register option selected), setting EN3 enables SO as the 
output of the SIO shift register, outputting serial shifted 
data each instruction time. Resetting EN3 with the serial 
shift register option selected disables SO as the shift reg- 
ister output; data continues to be shifted through SIO and 
can be exchanged with A via an XAS instruction but SO 
remains set to “0”. 


SK (ASA 
CLOCK) 


C3GQ, L7-L0, 
CKO & SI INPUTS 


03-60, D3-D0, 
L7-La.S0,SK 
OUTPUTS 



TL/DD/5259-4 

FIGURE 3. Input/Output Timing Diagrams (divide by 8 mode) 
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Functional Description (Continued) 


TABLE 1. Enable Register Modes — Bits END and EN3 




sio 

SI 

m 

SK 

i 

H 

Shift Register 

Input to Shift 
Register 

0 

If SKL = 1.SK = clock 
lfSKL=0.SK = 0 

1 

D 

Shift Register 

Input to Shift 
Register 

Serial 

out 

If SKL=1.SK = clock 
lfSKL = 0.SK = O 

n 

D 

Binary Counter 

Input to Counter 

0 

SK = SKL 

n 

n 

Binary Counter 

Input to Counter 

1 

SK=SKL 


INTERRUPT 

The following features are associated with interrupt proce- 
dure and protocol and must be considered by the program- 
mer when utilizing interrupts. 

a. The interrupt, once recognized as explained below, 
pushes the next sequential program counter address 
(PC-f- 1) onto the stack. Any previous contents at the bot- 
tom of the stack are lost. The program counter is set to 
hex address OFF (the last word of page 3) and EN1 is 
reset. 

b. An interrupt will be recognized only on the following con- 
ditions: 

1. EN1 has been set. 

2. A low-going pulse (“1" to “0”) at least two instruction 
cycles wide has occurred on the IN^ input. 

3. A currently executing instruction has been completed. 

4. All successive transfer of control instructions and suc- 
cessive LBIs have been completed (e.g. if the main 
program is executing a JP instruction which transfers 
program control to another JP instruction, the interrupt 
will not be acknowledged until the second JP instruc- 
tion has been executed). 

c. Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon popping of the 
stack. For example, if an interrupt occurs during the exe- 
cution of ASC (Add with Carry, Skip on Carry) instruction 
which results in carry, the skip logic status is saved and 
program control is transferred to the interrupt servicing 
routine at hex address OFF. At the end of the interrupt 
routine, a RET instruction is executed to pop the stack 
and return program control to the instruction following 
the original ASC. At this time, the skip logic is enabled 
and skips this instruction because of the previous ASC 
carry. Subroutines should not be nested within the inter- 
rupt service routine, since their popping of the stack will 
enable any previously saved main program skips, inter- 
fering with the orderly execution of the interrupt routine. 

d. The instruction at hex address OFF must be a NOP. 

e. An LEI instruction may be put immediately before the 
RET instruction to re-enable interrupts. 

MICROBUS INTERFACE 

The COP444C/424C has an option which allows it to be 
used as a peripheral microprocessor device, inputting and 
outputting data from and to a host microprocessor (uP). IM, 
IN2 and IN3 general purpose inputs become MICROBUS 
compatible read-strobe, chip-select, and write-strobe lines, 
respectively. INI becomes RD — a logic "0” on this input 
will cause Q latch data to^ enabled to the L ports for input 
to the uP. IN2 becomes CS — a logic “0” on this line se- 
lects the COP444C/424C as_tl^ uP peripheral device by 
enabling the operation of the RD and WR lines and allows 
for the selection of one of several peripheral components. 


IN3 becomes WR — a logic “0” on this line will write bus 
data from the L ports to the Q latches for input to the 
COP444C/424C. GO becomes INTR a "ready” output, reset 
by a write pulse from the uP on the WR line, providing the 
“handshaking” capability necessary for asynchronous data 
transfer between the host CPU and the COP444C/424C. 
This option has been designed for compatibility with Nation- 
al’s MICROBUS — a standard interconnect system for 8-bit 
parallel data transfer between MOS/LSI CPUs and interfac- 
ing devices. (See MiCROBUS National Publication). The 
functioning and timing relationships between the signal lines 
affected by this option are as specified for the MICROBUS 
interface, and are given in the AC electrical characteristics 
and shown in the timing diagrams {Figures 4 and 5). Con- 
nection of the COP444C/424C to the MICROBUS is shown 
in Figure 6. 


POWER 

SUPPLY 


CLOCK 



IN 

OUT 


• TL/DD/5259-7 

FIGURE 6. MICROBUS Option Interconnect 


INITIALIZATION 

The internal reset logic will initialize the device upon power- 
up if the power supply rise time is less than 1 ms and if the 
operating frequency at CKI is greater than 32 kHz, other- 
wise the external RC network shown in Figure 7 must be 
connected to the RESET pin (the conditions in Figure 7 
must be met). The RESET pin is configured as a Schmitt 
trigger input. If not used, it should be connected to Vcc- 
Initializa tion will occur whenever a logic “0” is applied to the 
RESET input, providing it stays low for at least three-instruc- 
tion cycle times. 

NOTE: If CKI clock is less than 32 kHz, the internal reset logic (option 
#29=1) MUST be disabled and the external RC circuit must be 
used. 




1 

: 



VCC 




424C 




GNO 

1 

, 


1 


ROSX POWER SUPPLY RISE TIME 
AND ROIOOX CKI PERIOD. 


TL/DD/5259-8 

FIGURE 7. Power-Up Circuit 


11-42 









Functional Description (Continued) 

Upon initialization, the PC register is cleared to 0 (ROM ad- 
dress 0) and the A, B, C, D, EN, IL, T and G registers are 
cleared. The SKL latch is set, thus enabling SK as a clock 
output. Data Memory (RAM) is not cleared upon initializa- 
tion. The first instruction at address 0 must be a CLRA 
(clear A register). 

TIMER 

There are two modes selected by mask option; 

a. Time-base counter. In this mode, the instruction cycle 
frequency generated from CKI passes through a 2-bit di- 
vide-by-4 prescaler. The output of this prescaler incre- 
ments the 8-bit T counter thus providing a 10-bit timer. 
The prescaler is cleared during execution of a CAMT in- 
struction and on reset. 

For example, using a 4 MHz crystal with a divide-by-16 
option, the instruction cycle frequency of 250 kHz incre- 
ments the 10-bit timer every 4 jis. By presetting the coun- 
ter and detecting overflow, accurate timeouts between 
16 ;xs (4 counts) and 4.096 ms (1024 counts) are possi- 
ble. Longer timeouts can be achieved by accumulating, 
under software control, multiple overflows. 

b. External event counter. In this mode, a low-going pulse 
(“1” to "0") at feast 2 instruction cycles wide on the IN2 
input will increment the 8-bit T counter. 

NOTE: The IT instruction is not ailowed in this mode. 


HALT MODE 

The COP444C/445C/424C/425C/426C is a FULLY STAT- 
IC circuit; therefore, the user may stop the system oscillator 
at any time to halt the chip. The chip may also be halted by 
the HALT instruction or by forcing CKO high when it is 
mask-programmed as an HALT I/O port. Once in the HALT 
mode, the internal circuitry does not receive any clock sig- 
nal and is therefore frozen in the exact state it was in when 
halted. All information is retained until continuing. The chip 
may be awakened by one of two different methods; 

• Continue function; by forcing CKO low, if it mask-pro- 
grammed as an HALT I/O port, the system clock is re- 
enabled and the circuit continues to operate from the 
point where it was stopped. 

• Restart; by forcing the RESET pin low (see Initializa- 
tion). 

The HALT mode is the minimum power dissipation state. 
NOTE: If the user has selected dual-clock with DO as external oscillator 
(option 30 = 2) AND the COP444C/424C is running with the DO 
clock, the HALT mode — either hardware or software — wiil NOT 
bo entered. Thus, the user shouid switch to the CKI clock to HALT. 
Alternatively, the user may stop the DO clock to minimize power. 



B 


ICKI 

CKO] 

t 

JTJ" 

EXTERNAL 

CLOCK 

t 

HALT 

OR 

GENERAL PURTOSE 
INPUT 




TL/DD/5259-9 


Crystal or resonator 


RC controlled Oscillator 


Crystal Component Values Cycle 


value 

R1 

R2 

Cl (pF) 

C2 (pF) 

R 

C 

time 

Vcc 

32 kHz 

220k 

20M 

30 

6-36 

15k 

82 pF 

4-9 (iS 

S4.5V 

455 kHz 

5k 

10M 

80 

40 

30k 

82 pF 

8-16 fis 

S4.5V 

2.096 MHz 

2k 

1M 

30 

6-36 

60k 

100 pF 

16-32 /iS 

2.4-4.5V 

4.0 MHz 

Ik 

1M 

30 

6-36 

Note; 

15kSRs;l50k 




50 pFsCSISO pF 


FIGURE 8. Oscillator Component values 
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Functional Description (Continued) 

CKO Pin Options 

a. Two-pin oscillator — (Crystal). See F/igur-e 5/4. 

In a crystal controlled oscillator system, CKO is used as 
an output to the crystal network. The HALT mode may be 
entered by program control (HALT instruction) which 
forces CKO high, thus inhibiting the crystal network. The 
circuit can be awakened only by forcing the RESET pin to 
a logic “0” (restart). 

b. One-pin oscillator — (RC or external). See Figure 9B. 

If a one-pin oscillator system is chosen, two options are 
available for CKO: 

• CKO can be selected as the HALT I/O port. In that 
case, it is an I/O flip-flop which is an indicator of the 
HALT status. An external signal can over-ride this pin 
to start and stop the chip. By forcing a high level to 
CKO, the chip will stop as soon as CKI is high and 
CKO output will stay high to keep the chip stopped if 
the external driver returns to high impedance state. 

By forcing a low level to CKO, the chip will continue 
and CKO will stay low. 

• As another option, CKO can be a general purpose in- 
put, read into bit 2 of A (accumulator) upon execution 
of an INIL instruction. 

OSCILLATOR OPTIONS 

There are four basic clock oscillator configurations available 

as shown by Figure 8. 

a. Crystal Controlled Oscillator. CKI and CKO are connect- 
ed to an external crystal. The instruction cycle time equals 
the crystal frequency optionally divided by 4, 8 or 16. 

b. External Oscillator. The external frequency is optionally 
divided by 4, 8 or 16 to give the instruction cycle time. 
CKO is the HALT I/O port or a general purpose input. 

c. RC Controlled Oscillator. CKI is configured as a single 
pin RC controlled Schmitt trigger oscillator. The instruc- 
tion cycle equals the oscillation frequency divided by 4. 
CKO is the HALT I/O port or a general purpose input. 


d. Dual oscillator. By selecting the dual clock option, pin DO 
is now a single pin oscillator input. Two configurations 
are available: RC controlled Schmitt trigger oscillator or 
external oscillator. 

The user may software select between the DO oscillator 
(in that case, the instruction cycle time equals the DO 
oscillation frequency divided by 4) by setting the DO latch 
high or the CKI (CKO) oscillator by resetting DO latch low. 
Note that even in dual clock mode, the counter, if mask- 
programmed as a time-base counter, is always connect- 
ed to the CKI oscillator. 

For example, the user may connect up to a 1 MHz RC 
circuit to DO for faster processing and a 32 kHz watch 
crystal to CKI and CKO for minimum current drain and 
time keeping. 

NOTE: CTMA instruction is not allowed when chip is running from DO clock. 
Figures 10A and 10B show the clock and timer diagrams 
with and without Dual clock. 

COP445C AND COP425C 24-PIN PACKAGE OPTION 

If the COP444C/424C is bonded in a 24-pin package, it be- 
comes the COP445C/425C, illustrated in Figure 2, Connec- 
tion diagrams. Note that the COP445C/425C does not con- 
tain the four general purpose IN inputs (IN3-IN0). Use of 
this option precludes, of course, use of the IN options, in- 
terrupt feature, external event counter feature, and the 
MICROBUS option which uses IN1-IN3. All other options are 
available for the COP445C/425C. 

NOTE: If user selects the 24-pin package, options 9, 1 0, 1 9 and 20 must be 
selected as a "0” (load to Vcc on the IN inputs). See option list. 

COP426C 20-PIN PACKAGE OPTION 

If the COP425C is bonded as 20-pin device it becomes the 
COP426C. Note that the COP426C contains all the 
COP425C pins except Dg, D^, Gg, and G^. 


Block Diagrams 
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Block Diagrams (Continued) 



TL/DD/5259-11 


FIGURE 9B: Halt Mode — One-Pin Oscillator 



. TO SKT 
UTCH 


TL/DD/5259-1Z 


FIGURE 10A: Clock and Timer without Dual-Clock 



TO SKT 
LATCH 


TL/DD/5259-13 


FIGURE 10B: Clock and Timer with Dual-Clock 
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Instruction Set 

Table 2 is a symbol table providing internal architecture, 
instruction operand and operation symbols used in the in- 
struction set table. 

TABLE 2. Instruction Set Table Symbols 

Symbol Definition 

Internal Architecture Symbols • 

A 4-bit Accumulator 

B 7-bit RAM address register (6-bit for COP424C) 

Br Upper 3 bits of B (register address) 

(2-bit for COP424C) 

Bd Lower 4 bits of B (digit address) 

C 1 -bit Carry register 

D 4-bit Data output port 

EN 4-bit Enable register 

G 4-bit General purpose I/O port 

IL two 1-bit (INO and IN3) latches 

IN 4-blt input port 

L 8-bit TRI-STATE I/O port 

M 4-bit contents of RAM addressed by B 

PC 11 -bit ROM address program counter 

Q 8-bit latch for L port 

SA,SB,SC 11-bit 3-level subroutine stack 

SIO 4-bit Shift register and counter 

SK Logic-controlled clock output 

SKL 1-bit latch for SK output 

T 8-bit timer 


TABLE 3. COP444C/445C Instruction Set 



Machine 



Hgx 

Mnemonic Operand 

Language 

Code 

Data Flow 

Conditions 


(Binary) 




ARITHMETIC INSTRUCTIONS 


ASC 


30 


A + C-fRAM(B)-»' A 

Carry — ♦ C 

Carry 

Add with Carry, Skip on 

Carry 

ADD 


31 


A-l-RAM(B)-> A 

None 

Add RAM to A 

ADT 


4A 


A-t- lOiQ — ► A 

None 

Add Ten to A 

AISC 

y 

5- 

|0101| y 1 

A-i-y— ♦■A 

Carry 

Add Immediate. Skip on 

Carry (y ^ 0) 

CASC 


10 


A-(-RAM(B) + C-> A 

Carry —* C 

Carry 

Complement and Add with 
Carry. Skip on Carry 

CLRA 


00 

loooolooool 

0-> A 

None 

Clear A 

COMP 


40 


A-*’ A 

None 

Ones complement of A to A 

NOP 


44 


None 

None 

No Operation 

RC 


32 


“0” -> C 

None 

Reset C 

SC 


22 


“1" ^ c 

None 

SetC 

XOR 


02 

loooolooiol 

A©RAM(B)-> A 

None 

Exclusive-OR RAM with A 


Table 3 provides the mnemonic, operand, machine code 
data flow, skip conditions and description of each instruc- 
tion. 


instruction operand symbols 

d 

4-bit operand field, 0-15 binary (RAM digit select) 

r 

3(2)-bit operand field, 0-7(3) binary 


(RAM register select) 

a 

11-bit operand field, 0-2047 (1023) 

y 

4-bit operand field, 0-15 (immediate data) 

RAM(x) 

RAM addressed by variable x 

ROM(x) 

ROM addressed by variable x 

Operational Symbols 

-I- 

Plus 

- 

Minus 

-> 

Replaces 


is exchanged with 

= 

is equal to 

A 

one’s complement of A 

e 

exclusive-or 


range of values 


11-46 










Instruction Set (Continued) 


Mnemonic Operand 

Machine 

Language 

Code 

(Binary) 

Data Flow 

Skip 

Conditions 

Description 

TRANSFER OF CONTROL INSTRUCTIONS 


JID 


FF 

|1111|1111| 

ROM (PCiO:8 A.M) -> PC7:0 

None 

Jump Indirect (Notes 1, 3) 

JMP 

a 

6- 

|0110|0|aiO:8l 

a— *• PC 

None 

Jump 



— 

1^7:0 i 




JP 

a 


N .?6:o| 

(pages 2,3 only) 

a —*■ PC 6:0 

None 

Jump within Page (Note 4) 




or 







hi |a5:0 1 
(all other pages) 

a — ► PCs 0 



JSRP 

a 

-- 

|lO|a5:o| 

PC+1 ^ SA— ► SB -♦ sc 

None 

Jump to Subroutine Page 





00010 PCiO:6 
a — ► PC5;o 


(Note 5) 

JSR 

a 

6- 

|0110|l|aiO:8l 

PC-l-1 ->-SA-+SB-^ sc 

None 

Jump to Subroutine 



— 

1 ^7:0 1 

a-> PC 



RET 


48 

loioohoool 

SC ^ SB SA -> PC 

None 

Return from Subroutine 

RETSK 


49 

|oioo|iooi| 

SC SB -> SA -> PC 

Always Skip 

Return from Subroutine 





on Return 

then Skip 

HALT 


33 

■BBH 


None 

HALT processor 



38 





IT 


33 

IB3DEI3IIH 



IDLE till timer 



39 



None 

overflows then continues 


MEMORY REFERENCE INSTRUCTIONS 


CAMT 


33 

o 

o 

o 

o 

A ^ T7:4 





3F 

loon |i ml 

RAM(B) -► T3:o 

None 

Copy A, RAM to T 

CTMA 


33 

O 

o 

o 

o 

T7:4 -> RAM(B) 





2F 

o 

o 

o 

'r3:0 —*■ A 

None 

Copy T to RAM, A (Note 9) 

CAMQ 


33 

|0011|0011| 

o 

T 

< 

None 

Copy A, RAM to Q 



3C 

|0011|1100| 

RAM(B) -> Q3:o 



CQMA 


33 

O 

o 

o 

o 

Q7:4 -> RAM(B) 

None 

Copy Q to RAM, A 



2C 

o 

o 

o 

o 

o 

< 

t 

o 

o 



LD 

r 

-5 

o 

o 

o 

RAM(B) A 

None 

Load RAM into A, 




(r=0:3) 

Brer — > Br 


Exclusive-OR Br with r 

LDD 

r,d 

23 

looiolooiil 

RAM(r.d) ^ A 

None 

Load A with RAM pointed 



— 

IoLl:! d j 



to directly by r,d 

LQID 


BF 

|101111111| 

ROM(PCio;8AM) -♦ Q 
SB->SC 

None 

Load Q Indirect (Note 3) 

RMB 

0 

4C 

|oioo|iioo| 

0 -»■ RAM(B)o 

None . 

Reset RAM Bit 


1 

45 

o 

o 

o 

o 

o 

0 -»■ RAM(B)i 




2 

42 

o 

o 

o 

o 

0 RAM(B)2 




3 

43 

o 

o 

o 

o 

o| 

0 -> RAM(B)3 
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Instruction Set (Continued) 


Machine 

Mnemonic Operand 

(Binary) 


r -6 |00|r|011 

(r=0;3) 


r.d 23 


hlrl d| 


r -7 loo I r| 011 
(r=0;3) 


CAB 

oo 

O O CBA 


REGISTER reference iNSTRUCTiONS 


CAB 50 lOIOllOOC 


(r=0:3; 
d = 0,9:1 5) 
or 


lUr \ d I 

(any r, any d) 


XABR 


TEST INSTRUCTIONS 


SKC 


20 

SKE 


21 

SKGZ 


33 



21 

SKGBZ 


33 


0 

01 


1 

11 


2 

03. 


3 

13 



Data Flow 

Skip 

Conditions 

Description 

1 RAM(B)o 

1 ^ RAM(B)i 

1 RAM(B)2 

1 RAM(B)3 

None 

Set RAM Bit 

y ^ RAM(B) 

None 

Store Memory Immediate 

Bd © 1 ^ Bd 


and Increment Bd 

RAM(B) A 

None 

Exchange RAM with A, 

Br © r ^ Br 


Exclusive-OR Br with r 

RAM(r.d) -♦ A 

None 

Exchange A with RAM 
pointed to directly by r,d 

RAM(B) ^ A 

Bd 

Exchange RAM with A 

Bd-1 -»-Bd 

decrements 

and Decrement Bd. 

Br © r — ► Br 

pastO 

Exclusive-OR Br with r 

RAM(B) A 

Bd, 

Exchange RAM with A 

Bd-hl -► Bd 

increments 

and Increment Bd, 

Br © r ^ Br 

past 15 

Exclusive-OR Br with r 


> 

i 

CD 

CL 

None 

Copy A to Bd 

Bd-» A 

None 

Copy Bd to A 

r,d — > B 

Skip until 

Load B Immediate with r,d 


not a LBI 

(Note 6) 

y-» EN 

None 

Load EN Immediate (Note 7) 

A Br 

None • 

Exchange A with Br (Note 8) 



C = “1” 

Skip if C is True 


A = RAM(B) 

Skip if A Equals RAM 


G3:0 = 0 

Skip if G is Zero 
(all 4 bits) 

1st byte 

o 

II 

o 

O 

Skip if G Bit is Zero 

2nd byte 

o o 

II II 

e- CM 

O C3 



G3 = 0 
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Instruction Set (Continued) 


Mnemonic 

Operand 

Hex 

Code 

Machine 

Language 

Code 

(Binary) 

Data Flow Skip 

Data Flow Conditions 

Description 

SKMBZ 

0 

01 


RAM(B)o = 0 

Skip if RAM Bit is Zero 


1 

11 


RAM(B)i=0 



2 

03 


RAM(B )2 = 0 



3 

13 


RAM(B )3 = 0 


SKT 


41 


A time-base 

Skip on Timer 





counter 

(Note 3) 





carry has 






occurred 






since last test 



INPUT/OUTPUT INSTRUCTIONS 


ING 

33 

IBIHH 

G-»- A 

None 

Input G Ports to A 



|0010|1010( 




ININ 

33 


IN-^A 

None 

Input IN Inputs to A 


28 




(Note 2) 

INIL 

33 


IL 3 , CKO.“0”, ILo ->■ A 

None 

Input IL Latches to A 


29 




(Note 3) 

INL 

33 


L 7:4 RAM(B) 

None 

Input L Ports to RAM, A 


2E 

looiolmol 

L3:0 A 



OBD 

33 


Bd-^ D 

None 

Output Bd to D Outputs 


3E 

1001 ill 1101 




OGI 

y 33 

IBBIH 

y^G 

None 

Output to G Ports 


5- 

IOIOII y 1 



Immediate 

OMG 

33 

IBIBIH 

RAM(B) ^ G 

None 

Output RAM to G Ports 


3A 

|0011|1010| 


' 


XAS 

4F 


A 4 — ► SIO. C -»• SKL 

None 

Exchange A with SIO 
(Note 3) 

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e g.. Br and Bd are explicitly defined). Bits are numbered 0 to N where 
0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register. 


Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction, 
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP 
may not jump to the last word in page 2. 

Note 6: LBI is a single-byte instruction if d = 0, 9, 10, 1 1 , 12. 13, 14, or IS. The machine code for the lower 4 bits equals the binary value of the "d" data minus 1, 
e.g., to load the lower four bits of B(Bd) with the value 9 (IOOI2). the lower 4 bits of the LBI instruction equal 8 (lOOOg). To load 0, the lower 4 bits of the LBI 
instruction should equal 15 (111 ij). 

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN. where a "1 ” or "0” in each bit of EN corresponds 
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 

Note 8: For 2K ROM devices, A *-♦ Br (0 — ► A3). For 1 K ROM devices, A Br (0,0 — ♦ A3, A2). 

Note 9; Do not use CTMA instruction when dual-clock option is selected and part is running from DO clocks. 
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Description of Seiected instructions 

XAS INSTRUCTION 

XAS (Exchange A with SIO) copies C to the'SKL latch and 
exchanges the accumulator with the 4-bit contents of the 
SIO register. The contents of SIO will contain serial-in/seri- 
al-out shift register or binary counter data, depending on the 
value of the EN register. If SIO is selected as a shift register, 
an XAS instruction can be performed once every 4 instruc- 
tion cycles to effect a continuous data stream. 

LQID INSTRUCTION 

LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 11 -bit word 
PC10:PC8,A,M. LQID can be used for table lookup or code 
conversion such as BCD to seven-segment. The LQID in- 
struction “pushes" the stack (PC+1 — > SA — > SB — ♦ SC) 
and replaces the least significant 8 bits of the PC as follows; 
A-^PC(7:4), RAM(B) PC(3:0), leaving PCC(0), PC(9) 
and PC(8) unchanged. The ROM data pointed to by the new 
address is fetched and loaded into the Q latches. Next, the 
stack is “popped” (SC — >• SB SA PC), restoring the 
saved value of PC to continue sequential program execu- 
tion. Since LQID pushes SB —*■ SC, the previous contents 
of SC are lost. 

NOTE: LQID uses 2 instruction cycles If executed, one if skipped. 

JIO INSTRUCTION 

JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location pointed 
to indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM addressed by 
the 11-bit word, PC10;8,A,M. PC10,PC9 and PC8 are not af- 
fected by JID. 

NOTE: JID uses 2 instruction cycles if executed, one if skipped. 

SKT INSTRUCTION 

The SKT (Skip On Timer) instruction tests the state of the T 
counter overflow latch (see internal logic, above), executing 
the next program instruction if the latch is not set. If the 
latch has been set since the previous test, the next program 
instruction is skipped and the latch is reset. The features 
associated with this instruction allow the processor to gen- 
erate its own time-base for real-time processing, rather than 
relying on an external input signal. 

NOTE: If the most signiflceint bit of the T counter Is a 1 when a CAMT 
Instruction loads the counter, the overflow flag will be set. The fol- 
lowing sample of codes should be used when loading the counter; 
CAMT : load T counter 
SKT ; skip if overflow flag Is set and reset it 
NOP 

IT INSTRUCTION 

The IT (idle till timer) instruction halts the processor and 
puts it in an idle state until the time-base counter overflows. 
This idie state reduces current drain since all logic (except 
the oscillator and time base counter) is stopped. IT instruc- 
tion is not allowed if the T counter is mask-programmed as 
an external event counter (option #31 = 1). 

INIL INSTRUCTION 

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO, 
CKO and 0 into A. The IL3 and ILO latches are set if a low- 
going pulse (“1” to “0”) has occurred on the IN3 arid INO 
inputs since the last INIL instruction, provided the input 
pulse stays low for at least two instruction cycles. Execution 
of an INIL inputs IL3 and ILO into A3 and AO respectively, 


and resets these latches to allow them to respond to subse- 
quent low-going pulses on the IN3 and INO lines. If CKO is 
mask programmed as a general purpose input, an INIL will 
input the state of CKO into A2. If CKO has not been so 
programmed, a “1” will be placed in A2. A 0 is input into A1. 
IL latches are cleared on reset. IL latches are not available 
on the COP445C/425C, and COP426C. 

INSTRUCTION SET NOTES 

a. The first word of a program (ROM address 0) must be a 
CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they are 
still fetched from the program memory. Thus program 
paths take the same number of cycles whether instruc- 
tions are skipped or executed except for JID, and LQID. 

c. The ROM is organized into pages of 64 words each. The 
Program Counter is a 11 -bit binary counter, and will count 
through page boundaries. If a JP, JSRP, JID, or LQID is 
the last word of a page, it operates as if it were in the 
next page. For example; a JP located in the last word of a 
page will jump to a location in the next page. Also, a JID 
or LQID located in the last word of every fourth page (i.e. 
hex address OFF, IFF, 2FF, 3FF, 4FF, etc.) will access 
data in the next group of four pages. 

NOTE: The COP424C/425C/426C needs only 10 bits to address its ROM. 

Therefore, the eleventh bit (PI 0) is ignored. 


Power Dissipation 

The lowest power drain is when the clock is stopped. As the 
frequency increases so does current. Current is also lower 
at lower operating voltages. Therefore, the user should run 
at the lowest speed and voltage that his application will al- 
low. The user should take care that all pins swing to full 
supply levels to insure that outputs are not loaded down and 
that inputs are not at some intermediate level which may 
draw current. Any input with a slow rise or fall time will draw 
additional current. A crystal or resonator generated clock 
input will draw additional current. For example, a 500 kHz 
crystal input will typically draw 100 jxA more than a square- 
wave input. An R/C oscillator will draw even more current 
since the input is a slow rising signal. 

If using an external squarewave oscillator, the following 
equation can be used to calculate the COP444C/424C/ 
426C operating current drain. 

Ico = Iq+ V X 40 X Fi -t- V X 1400 X Fi/Dv 
where lco=chip operating current drain in microamps 
Iq= quiescent leakage current (from curve) 

Fi = CKI frequency in MegaHertz 
V=chip Vcc in volts 
Dv= divide by option selected 

For example at 5 volts Vcc and 400 kHz (divide by 4) 
lco = 20 -1-5x40x0.4 + 5X1400X0.4/4 
Ico = 20 + 80 + 700 = 800 juA 
At 2.4 volts Vcc and 30 kHz (divide by 4) 

Ico = 6 + 2.4 X 40 X 0.03 + 2.4 X 1400 X 0.03/4 
lco = 6 + 2.88 + 25.2 = 34.08 ju,A 
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Power Dissipation (Continued) 

If an IT instruction is executed, the chip goes into the IDLE 
mode until the timer overflows. In IDLE mode, the current 
drain can be calculated from the following equation: 
lci = lQ+Vx40xFi 

For example, at 5 volts Vcc and 400 kHz 
lci = 20 + 5X40X0.4 = 100 jxA 

The total average current will then be the weighted average 
of the operating current and the idle current: 

Ita = Ico X jo + Ti ^ To + Ti 

where: lta= total average current 
Ico operating current 
lei = idle current 
To = operating time 
Ti = idle time 
I/O OPTIONS 

Outputs have the following optional configurations, illustrat- 
ed in Figure IP. 

a. Standard — A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel device 
to Vcc. compatible with CMOS and LSTTL. 

b. Low Current — This is the same configuration as a. 
above except that the sourcing current is much less. 


c. Open Drain — An N-channel device to ground only, al- 
lowing external pull-up as required by the user’s applica- 
tion. 

d. Standard TRI-STATE L Output — A CMOS output buffer 
similar to a. which may be disabled by program control. 

e. Low-Current TRI-STATE L Output — This is the same as 
d. above except that the sourcing current is much less. 

f. Open-Drain TRI-STATE L Output — This has the N-chan- 
nel device to ground only. 

All inputs have the following options: 

g. Input with on chip load device to Vcc 

h. Hi-Z input which must be driven by the users logic. 

When using either the G or L I/O ports as inputs, a pull-up 
device is necessary. This can be an external device or the 
following alternative is available: Select the low-current out- 
put option. Now, by setting the output registers to a logic “1” 
level, the P-channel devices will act as the pull-up load. 
Note that when using the L ports in this fashion the Q regis- 
ters must be set to a logic “1” level and the L drivers MUST 
BE ENABLED by an LEI instruction (see description above). 
All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (Iqlit and 
Vqut) curves are given in Figure 12 for each of these devic- 
es to allow the designer to effectively use these I/O configu- 
rations. 


Vcc vcc Vcc 




a. standard Push-Pull Output b. Low Current Push-Pull Output c. Open-Drain Output 
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standard Low Current Option 

Minimum Sink Current Minimum Source Current Minimum Source Current 



WOL (VOLTS) VOH (VOLTS) VflH (VOLTS) 


COP444C/424C/445C/425C COP344C/345C/324C/325C 

Low Current Option Low Current Option 

Maximum Source Current Maximum Source Current 



Maximum Quiescent Current 



0 1 2 3 4 5 6 

VCC (VOLTS) 


TL/DD/5259-15 

FIGURE 12. Input/Output Characteristics 


Option List 

The COP444C/445C/424C/425C/COP426C mask-pro- ' 
grammable options are assigned numbers which corre- 
spond with the COP444C/424C pins. 

The following is a list of options. The options are pro- 
grammed at the same time as the ROM pattern to provide 
the user with the hardware flexibility to interface to various 
I/O components using little or no external circuitry. 

Option 1 = 0: Ground Pin — no options available 
Option 2: CKO Pin 

= 0: clock generator output to crystal/resonator 
= 1: HALT I/O port 

= 2: general purpose input with load device to Vcc 
= 3; general purpose input, high-Z 
Option 3: CKI input 

= 0: Crystal controlled oscillator input divide by 4 
= 1: Crystal controlled oscillator input divide by 8 
= 2: Crystal controlled oscillator input divide by 16 
= 4: Single-pin RC controlled oscillator (divide by 4) 

= 5: External oscillator input divide by 4 
= 6: External oscillator input divide by 8 
= 7: External oscillator input divide by 16 


Option 4: RESET input 
= 0: load device to Vcc 
= 1: Hi-Z input 
Option 5: L7 Driver 

= 0: Standard TRI-STATE push-pull output 
= 1: Low-current TRI-STATE push-pull output 
= 2: Open-drain TRI-STATE output 
Option 6: L6 Driver — (same as option 5) 
Option 7: L5 Driver — (same as option 5) 
Option 8: L4 Driver — (same as option 5) 
Option 9: INI input 

=0: load device to Vcc 

= 1: Hi-Z input 

Option 10; IN2 input — (same as option 9) 
Option 11 = 0: Vcc — no option available 
Option 12: L3 Driver — (same as option 5) 
Option 13: L2 Driver — (same as option 5) 
Option 14: LI Driver — (same as option 5) 
Option 15: LO Driver — (same as option 5) 
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Option List (Continued) 

Option 16: SI input — (same as option 9) 

Option 17: SO Driver 
= 0: Standard push-pull output 
= 1: Low-current push-pull output 
= 2: Open-drain output 
Option 18: SK Driver — (same as option 17) 

Option 19: INO Input — (same as option 9) 

Option 20: INS Input — (same as option 9) 

Option 21: GO I/O Port — (same as option 17) 

Option 22: G1 1/6 Port — (same as option 17) 

Option 23: G2 I/O Port — (same as option 17) 

Option 24: G3 I/O Port — (same as option 17) 

Option 25: D3 Output — (same as option 17) 

Option 26: D2 Output — (same as option 17) 

Option 27: D1 Output — (same as option 17) 

Option 28: DO Output — (same as option 17) 

Option 29: Internal Initialization Logic 
= 0: Normal operation 
= 1: No internal initialization logic 
Option 30: Dual Clock 
= 0: Normal operation 

= 1: Dual Clock. DO RC oscillator 1 ^28 must =2) 

= 2: Dual Clock. DO ext. clock input J 


Option 31: Timer 
= 0: Time-base counter 
= 1: External event counter 
Option 32: MICROBUS 
= 0: Normal 

= 1: MICROBUS (opt. #31 must = 0) 

Option 33: COP bonding 
(Ik and 2K Microcontroller) 

= 0: 28-pin package 

= 1: 24-pin package ^ 

= 2: Same die purchased in both 
24 and 28 pin version. 

(IK Microcontroller only) 

= 3: 20-pin package 
= 4: 28- and 20-pin package 
= 5: 24- and 20-pin package 
= 6: 28-, 24- and 20-pin package 

Note: — if opt. #33 = 2 then opt. #9, 10, 19, 20 and 32 must 
= 0— if opt. #33 = 3, 4, 5 or 6 then opt. #9, 10, 19, 20, 21, 
22, 30 and 32 must = 0 
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COP472-3 


National 

Semiconductor 


COP472-3 Liquid Crystai Dispiay Controiier 


microCMOS 


General Description 

The COP472-3 Liquid Crystai Dispiay (LCD) Controiier is a 
peripheral member of the COPS™ family, fabricated 
using CMOS technology. The COP472 drives a multi- 
plexed liquid crystal display directly. Data is loaded 
serially and is held in internal latches. The COP472 
contains an on-chip oscillator and generates all the 
multi-level waveforms for backplanes and segment 
outputs on a triplex display. One COP472 can drive 36 
segments multiplexed as 3 x 12 ( 4 V 2 digit, display). Two 
COP472 devices can be used together to drive 72 
segments (3x24) which could be an 8 V 2 digit display. 


Features 

■ Direct interface to TRIPLEX LCD 

■ Low power dissipation (100 typ.) 

■ Low cost 

■ Compatible with all COP400 processors 

■ Needs no refresh from processor 

■ On-chip oscillator and latches 

■ Expandable to longer displays 

■ Software compatible with COP470 V.F. Display Driver 
chip 

■ Operates from display voltage 

■ MICROWIRE™ compatible serial I/O 

■ 20-pin dual-in-line package 


BPa BPb BPc SAt SBi SCi SA2 SB; SC2 SA3 SB3 SC3 SA4 SB4 SC4 


INTERNAL 

OSCILLATOR 


jgimiii 


36 TO 12 MULTIPLEXER 


4 -BIT 3 -BIT 
LATCH LATCH 


8 -BIT 

SHIFT REGISTER 


COP472 Block Diagram 
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Absolute Maximum Ratings 

Voltage at CS, Dl, SK pins -0.3V to +9.5V 

Voltage at all other Pins -0.3V to Vdd + 0.3V 

Operating Temperature Range 0 °C to 70 °C 

Storage Temperature -65°Cto +150‘’C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


DC Electrical Characteristics gnd=ov, VDD= 2 . 4 vto 5 . 5 v, TA=o“cto70“c 

(depends on display characteristics) 


Parameter 

Conditions 

Min. 

Max. 

Units 

Power Supply Voltage, Vdq 


3.0 

5.5 

Volts 

Power Supply Current, Iqd (Note 1) 

Vdd = 5.5V 


250 

pA 


Vdd = 3V 


100 

pA 

Input Levels 





Dl, SK, CS 





V|L 



0.8 

Volts 

V|H 


0.7 Vdd 

9.5 

Volts 

BPA (as Osc. In) 





V|L 



0.6 

Volts 

V|H 


Vdd-0.6 

Vdd 

Volts 

Output Levels, BPC (as Osc. Out) 





Vql 



0.4 

Volts 

VOH 


Vdd ~ 0.4 

Vdd 

Volts 

Backplane Outputs (BPA, BPB, BPC) 





VbPA, BPB, BPC ON 

During 

Vdd “ ^V 

Vdd 

Volts 

VbPA, BPB, BPC OFF 

BP+ Time 

YsVdd-AV 

Vb Vdd AV 

Volts 

VbPA, BPB, BPC ON 

During 

0 

AV 

Volts 

VbPA, BPB, BPC OFF 

BP“ Time 

VsVdd-AV 

V 3 VDD + AV 

Volts 

Segment Outputs (SAi ~ SA 4 ) 





VsEG ON 

During 

0 

AV 

Volts 

VsEG OFF 

BP"^ Time 

% Vdd-AV 

Vdd + AV 

Volts 

VsEG ON 

During 

Vdd-AV 

Vdd 

Volts 

VsEG OFF 

BP- Time 

VsVdd-AV 

VsVdd + AV 

Volts 

Internal Oscillator Frequency 


15 

80 

kHz 

Frame Time (Int. Osc. 192) 


2.4 

12.8 

ms 

Scan Frequency (1/Tscan) 


39 

208 

Hz 

SK Clock Frequency 


4 

250 

kHz 

SK Width 


1.7 


pS 

Dl . 





Data Setup, Isetup 


1.0 


pS 

Data Hold, tnoto 


100 


ns 






fsETUP 


1.0 


pS 

'hold 


1.0 


ps 

Output Loading Capacitance 



100 

PF 


Note 1: Power supply current Is measured in stand-alone mode with all outputs open and all inputs at Vqq. 
Note 2: AV = 0.05Vdd for Vdd>3V. AV = 0.15V for Vdd<3V. 
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COP472 

Connection Diagram 



Order Number COP472N-3 
NS Package N20A 


Figure 2. Connection Diagram 


Pin 

Description 

CS 

Chip select 

Vdd 

Power supply (display voltage) 

GND 

Ground 

Dl 

Serial data input 

SK 

Serial clock input 

BPa 

Display backplane A(or oscillator in) 

BPb 

Display backplane B 

BPc 

Display backplane C (or oscillator out) 

SA1~SC4 

12 multiplexed outputs 



— C? SETUP 
1-^ SK WIDTH 



SK 

01 


jiJiJiJTrmjiJT 


n 0 n — rio_ 

— i SETUP 

U— HOLD 


Figure 3. Serial Load Timing Diagram 



Figure 4. Backplane and Segment Waveforms 


SCI SB1 SA1 



Figure 5. Typical Display Internal Connections 
Epson LD-370 
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Functional Description 

The COP472 drives 36 bits of display information or- 
ganized as twelve segments and three backplanes. The 
COP472 requires 40 information bits: 36 data and 4 con- 
trol. The function of each control bit is described below. 
Display information format is a function of the LCD 
interconnections. A typical segment/backplane configu- 
ration is illustrated in Figure 5, with this configuration 
the COP472 will drive 4 digits of 9 segments. 

To adapt the COP472 to any LCD display configuration, 
the segment/backplane multiplex scheme is illustated in 
Table 1. 


Segment Data bits 

Data is loaded in serially, in sets of eight bits. Each set 
of segment data is in the following format: 

I SA I SB I SC I SD I SE I SF I SG I SH I 

Data is shifted into an eight bit shift register. The first 
bit of the data is for segment H, digit 1. The eighth bit is 
segment A, digit 1. A set of eight bits is shifted in and 
then loaded into the digit one latches. The second set of 
8 bits is loaded into digit two latches. The third set into 
digit three latches, and the fourth set is loaded into digit 
four latches. 


Two or more COP472 chips can be cascaded to drive ad- 
ditional segments. There is no limit to the number of 
COP472’s that can be used as long as the output loading 
capacitance does not exceed specification. 

Table 1. COP472 Segment/Backplane Multiplex Scheme 





Data to 

Bit Number 

Segment, Backplane 

Numeric Display 

1 

SA1, BPC 

SH 


2 

SB1, BPB 

SG 


3 

SCI, BPA 

SF 


4 

SCI, BPB 

SE 

Digit 1 

5 

SB1, BPC 

SD 

6 

SA1,BPB 

SC 


7 

SA1, BPA 

SB 


8 

SB1, BPA 

SA 


9 

SA2, BPC 

SH 


10 

SB2, BPB 

SG 


11 

SC2, BPA 

SF 


12 

SC2, BPB 

SE 

Digit 2 

13 

SB2, BPC 

SD 

14 

SA2, BPB 

SC 


15 

SA2, BPA 

SB 


16 

SB2, BPA 

SA 


17 

SA3, BPC 

SH 


18 

SB3, BPB 

SG 


19 

SC3, BPA 

SF 


20 

SC3, BPB 

SE 

Digit 3 

21 

SB3, BPC 

SD 

22 

SA3, BPB 

SC 


23 

SA3, BPA 

SB* 


24 

SB3, BPA 

SA 


25 

SA4, BPC 

SH 


26 

SB4, BPB 

SG 


27 

SC4, BPA 

SF 


28 

SC4, BPB 

SE 

Digit 4 

29 

SB4, BPC 

SD 

30 

SA4, BPB 

SC 


31 

SA4, BPA 

SB 


32 

SB4, BPA 

SA 


33 

SCI, BPC 

SP1 

Digit 1 

34 

SC2, BPC 

SP2 

Digit 2 

35 

SC3, BPC 

SP3 

Digit 3 

36 

• SC4, BPC 

SP4 

Digit 4 

37 

not used 



38 

Q6 



39 

Q7 



40 

SYNC 




Control Bits 

The fifth set of 8 data bits contains special segment 
data and control data in the following format: 

|SYNC| Q7 I Q6 I X | SP4 | SP3 | SP2 | SP1 | 

The first four bits shifted in contain the special character 
segment data. The fifth bit is not used. The sixth and 
seventh bits program the COP472 as a stand alone LCD 
driver or as a master or slave for cascading COP472’s. 
BPC of the master is conected to BPA of each slave. 
The following table summarizes the function of bits six 


and seven: 

Q7 

Q6 

Function 

BPC Output 

BPA Output 

1 

1 

Slave 

Backplane 

Output 

Oscillator 

Input 

0 

1 

Stand Alone 

Backplane 

Output 

Backplane 

Output 

1 

0 

Not Used 

Internal 

Osc. Output 

Oscillator 

Input 

0 

0 

Master 

Internal 

Osc. Output 

Backplane 

Output 


The eighth bit is used to synchronize two COP472’s to 
drive an 8y2 -digit display. 
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Loading Sequence to Drive a 4y2 -Digit Diaplay 

Steps: 

1. Turn CE low. 

2. Clock In 8 bits of data for digit 1. 

3. Clock in 8 bits of data for digit 2. 

4. Clock in 8 bits of data for digit 3. 

5. Clock in 8 bits of data for digit 4. 

6. Clock in 8 bits of data for special segment and control 
function of BPC and BPA. 

00 1 1 SP4 SP3 SP2 SP1 

7. Turn CS high. 

Note: CS may be turned high after any step. For example 
to load only 2 digits of data, do steps 1, 2, 3, and 7. 

^ must make a high to low transition before loading 
data in order to reset internal counters. 

Loading Sequence to Drive an 8 V 2 -Digit Display 

Two or more COP472’s may be connected together to 
drive additional segments. An eight digit multiplexed dis- 
play is shown in Figure 7. The following is the loading se- 
quence to drive an eight digit display using two COP472’s. 
The right chip is the master and the left the slave. 

Steps: 

1. Turn CS low on both COP472’s. 

2. Shift in 32 bits of data for for the slave’s four digits. 

3. Shift in 4 bits of special segment data: a zero and 

three ones. 

I 1 I 1 I 1 I 0 |SP4|SP3|SP2|SP1 I 

This synchronizes both the chips and BPA is oscil- 
lator input. Both chips are now stopped. 

4. Turn CS high to both chips. 

5. Turn CS low to master COP472. 

6. Shift in 32 bits of data for the master’s 4 digits. 

7. Shift in four bits of special segment data, a one and 
three zeros. 

I 0 I 0 I 0 I 1 I SP4 I SP3 I SP2 I SP1 I 

This sets the master COP472 to BPA as a normal 
backplane output and BPC as oscillator output. Now 
both the chips start and run off the same oscillator. 

8. Turn CS high. 

The chips are now synchronized and driving 8 digits of 
display. To load new data simply load each chip sepa- 
rately in the normal manner, keeping the correct status 
bits to each COP472 (0110 or 0001). 


Vcc 



DISPLAY 

VOLTAGE 


Figure 6. System Diagram — 4V2 Digit Dispiay 



Figure 7. System Diagram — 8 V 2 Digit Dispiay 
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Example Software 


Example 1 

COP420 Code to load a COP472 [Display data is in M(0, 12)-M(0, 15), special segment data is in M{0, 0)] 


LOOP; 


LBi 0, 12 

OBD 

CLRA 

LQiD 

COMA 

SC 

XAS 

NOP 

NOP 

LD 

XAS 

NOP 

NOP 

RC 

XAS 

XIS 

JP LOOP 
SC 

LBI 0, 0 

LD 

XAS 

NOP 

CLRA 

AISC 12 

XAS 

NOP 

LBI 0, 15 

RC 

XAS 

OBD 


; POINT jrO FIRST DISPLAY DATA 
; TURN CS LOW (DO) 

LOOK UP SEGMENT DATA 
COPY DATA FROM Q TO M & A 
SET C TO TURN ON SK 
OUTPUT LOWER 4 BITS OF DATA 
DELAY 
DELAY 

LOAD A WITH UPPER 4 BITS 

OUTPUT 4 BITS OF DATA 

DELAY 

DELAY 

RESET C 

TURN OFF SK CLOCK 
INCREMENT B FOR NEXT DATA 
SKIP THIS JUMP AFTER LAST DIGIT 
SETC 

ADDRESS SPECIAL SEGMENTS 
LOAD INTO A 

OUTPUT SPECIAL SEGMENTS 


12 to A 

OUTPUT CONTROL BITS 

15toB 
RESET C 
TURN OFF SK 
TURN CS HIGH (DO) 
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Example 2 



COP420 Code to load two COP472 parts [display data is in M(0, 12)-M(0,15) and M(1, 12)-M(1, 15), special segment data is 

in M(0, 0) and M(1, 0)] 



INIT: LBI 

0, 15 


OBD 


TURN BOTH CS’S HIGH 

LEI 

8 

ENABLE SO OUT OF S. R. 

RC 



XAS 


TURN OFF SK CLOCK 

LBI 

3, 15 

USE M(3, 15) FOR CONTROL BITS 

STII 

7 

STORE 7 TO SYNC BOTH CHIPS 

LBI 

0, 12 

SET B TO TURN BOTH CS’S LOW 

JSR 

OUT 

CALL OUTPUT SUBROUTINE 

MAIN DISPLAY SEQUENCE 



DISPLAY: LBI 

3, 15 


STII 

8 

SET CONTROL BITS FOR SLAVE 

LBI 

0, 13 

SET B TO TURN SLAVE CS LOW 

JSR 

OUT 

OUTPUT DATA FROM REG. 0 

LBI 

3, 15 


STII 

6 

SET CONTROL BITS FOR MASTER 

LBI 

1, 14 

SET B TO TURN MASTER CS LOW 

JSR 

OUT 

OUTPUT DATA FROM REG. 1 

OUTPUT SUBROUTINE 



OUT: OBD 


OUTPUT B TO CS’S 

CLRA 



AISC 

12 

12 TO A 

CAB 


POINT TO DISPLAY DIGIT (BD=12) 

LOOP: CLRA 



LQID 


LOOK UP SEGMENT DATA 

COMA 


COPY DATA FROM Q TO M & A 

' SC 



XAS 


OUTPUT LOWER 4 BITS OF DATA 

NOP 


DELAY 

NOP 


DELAY 

LD 


LOAD A WITH UPPER 4 BITS 

XAS 


OUTPUT 4 BITS OF DATA 

NOP 


DELAY 

NOP 


DELAY 

RC 


RESET C 

XAS 


TURN OFFSK 

XIS 


INCREMENT B FOR NEXT DISPLAY DIGIT 

JP 

LOOP 

SKIP THIS JUMP AFTER LAST DIGIT 

SC 


SETC 

NOP 



LD 


LOAD SPECIAL SEGS. TO A (BD=0) 

XAS 


OUTPUT SPECIAL SEGMENTS 

NOP 



LBI 

3,' 15 


LD 


LOAD A 

XAS 


OUTPUT CONTROL BITS 

NOP 



NOP 



RC 



XAS 


•.TURN QFFSK 

OBD 


: TURN CS’S HIGH (BD=15) 

RET 
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m National 
mia Semiconductor 

COP498/COP398 Low Power CMOS RAM and Timer (RAT”) 
COP499/COP399 Low Power CMOS Memory 


General Description 

The COP498/398 Low. Power CMOS RAM and Timer (RAT) 
and the COP499/399 Memory are peripheral members of 
the COPS^M family, fabricated using low power CMOS 
technology. These devices provide external data storage 
and/or timing, and are accessed via the simple MICRO* 
WIRE'f'^ serial Interface. Each device contains 256 bits 
of read/write memory organized into 4 registers of 64 bits 
each; each register can be serially loaded or read by a 
COPS controller. 

The COP498/398 also contain a crystal-based timer for 
timekeeping purposes, and can provide a "wake-up” 
signal to turn on a COPS controller. Hence, these devices 
are ideal for applications requiring very low power drain 
In a standby mode, while maintaining a real-time clock 
(e.g., electronically-tuned automobile radio). Power is 
minimized by cycling controller power off for periods of 
time when no processing is required. 

The COP499/399 contain circuitry that enables the user 
to turn a controller on and off while maintaining the 
integrity of the memory. 

A COP400 series N-channel microcontroller coupled 
with a COP498 (or 499) RAM/Timer offers a user the low- 
power advantages of an all CMOS system and the low- 
cost advantage of an NMOS system. This type of system 
Is ideally suited to a wide variety of automotive and in- 
strumentation applications. 


Features 

■ Low power dissipation 

■ Quiescent current = 40 nA typical (25°C, Vcc = 3.0V) 

■ Low cost 

■ Single supply operation (2.4V-5.5V) 

■ CMOS-compatible I/O 

■ 4x64 serial read/write memory 

■ Crystal-based selectable timer — 2.097152MHz or 
32.768 kHz (COP498/398) 

■ Software selectable 1Hz or 16 Hz "wake-up” signal 
for COPS controller (COP498/398) 

■ External override to "wake-up” controller 

n Compatible with all COP400 processors (processor 
Vcc < 9.5V) 

■ MICROWIRE-compatible serial I/O 

■ Memory protection with write enable and write disable 
instructions 

■ 14-pln dual-in-line package (COP498/398) or 8-pin 
dual-in-line package (COP499/399) 
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COP498/COP398, COP499/COP399 


Absolute Maximum Ratings 



Voltage relative to GND 

... 



AtXSEL,1 H2,X|n,Xout,DO 

-0.3V to Vcc + 0.3V 



At all other pins 

-0.3V to 10V 



Maximum Vcc Voltage 

6.5V 



Total Sink Current Allowed 

15mA 



Total Source Current Allowed 

10mA 



Ambient Operating Temperature 




COP398/COP399 

-40'’Cto-l-85“C 



COP498/COP499 

O^C to -l-70‘’C 



Ambient Storage Temperature 

-65”Cto-H50“C 



Lead Temperature (Soldering, 10 seconds) 300°C 



Power Dissipation 

50mW 



"Absolute maximum ratings’’ Indicate limits beyond which damage 



to the device may occur. DC and AC electrical specifications are not 



insured when operating the device at absoiute maximum ratings. 



DC Electrical Characteristics 



COP398/COP399: -40°C < T^ < -i-85‘’C unless otherwise specified. 



COP498/COP499: 0°C < T^ < -t-TO’C uniess otherwise specified. 



Parameter 

Conditions 

Min. 

Max. 

Units 

Operating Voltage 

COP498/COP499 

2.4 

5.5 

V 


COP398/COP399 

3.0 

5.5' 

V 

Quiescerit Current 

All inputs at GND 





Ta = 70'’C, Vcc = 3.0 V 


4.0 

mA 


Ta = 70*0, Vcc = 5.0 V 


10 

mA 


Ta = 70°C, Vcc = 5.5 V 


20 

mA 

(COP398/COP399 only) 

Ta = 85‘’C, Vcc = 3.0 V 


8.0 

mA 


Ta = 85°C, Vcc = 5.0V 


16 

pA 


Ta = 85“C, Vcc = 5.5 V 


30 

pA 

COP498/COP398 



■Mi 


Standby Current (sleep mode) 

Vcc = Min., Osc. = 2.097 MHz 



pA 

(running with crystai) 

Vcc = Max., Osc. = 2.097 MHz 



pA 


Vcc = Min., Osc. = 32.768 kHz 


20 

pA 


Vcc = Max., Osc. = 32.768 kHz 


100 

pA 

Operating Current 

SK = 250 kHz square wave 





Vcc = Min., Osc. = 2.097 MHz 


300 

pA 


Vcc = Max., Osc. = 2.097MHz 


920 

pA 


Vcc = Min ., Osc. = 32.768 kHz 


120 

pA 


Vcc = Max., Osc. = 32.768 kHz 


320 

pA 

COP499/COP399 Operating Current 

SK = 250 kHz square wave 





Vcc = Min. 


100 

pA 


Vcc = Max. 


250 

pA 

Input Voltage Levels 





CE Input 

(Schmitt Trigger Input) 




Logic High (V|h) 


0.8 Vcc 


V 

Logic Low (V||j 



0.4 Vcc 

V 

OVR Input 

(Schmitt Trigger Input) 




Logic High (V|h) 


0.8 Vcc 


V 

Logic Low (V|l) 



0.2 Vcc 

V 

All Other Inputs 





Logic High (V|h) 


0.7 Vcc 


V 

Logic Low (V|l) 



0.3 Vcc 

V 

' 
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DC Electrical Characteristics (cont’d) 


Parameter 

Conditions 

Min. 

Output Voltage Levels — DO, 1 Hz 



CMOS Operation 



Logic High (Vqh) 

loH= -10/iA 

d 

o 

Logic Low (Vol) 

loL = lOfiA 


Input Leakage Current 

COP498/COP499, V|h = Vcc Vjl = 0 V 

-1.0 


COP398/COP399, V|H = Vcc, Vm = 0V 

-2.0 

TRI-STATE®, Open Drain 

COP498/COP499, Vh = Vcc, Vl = 0 V 

-2.5 

Leakage Current 

COP398/COP399, Vh = Vcc. Vl = 0 V 

-5.0 

Output Current Levels 

Vcc = 4.5V 


Sink Current 



OSC 

Vol = 0.4V 

0.5 

ON 

Vol = 1.5V 

1.5 

XouT 

XSEL = 1,X|n = 4.5V, Vol = 1.0V 

0.25 

XoUT 

XSEL = 0, X,N = 4.5V, Vol = 2.0V 

8.0 

1 Hz, DO 

Vol = 0.8V 

0.8 

Source Current 



ON 

VoH = 1.0V 

60 

XouT 

XSEL = 1 , X|N = OV, VoH = 3.0V 

0.27 

XoUT 

XSEL = 0, X|N = OV, VoH = 3.0V 

10 

1 Hz, DO 

Voh = 2.0V 

0.4 



AC Electrical Characteristics 

COP398/COP399: -40'’C < < +85°C unless otherwise specified. 

COP498/COP499: 0°C <1^4 +70°C unless otherwise specified. 


Parameter 

Conditions 

Min. 

Max. 

Units 

COP Interface 





SK Frequency 

CS = 1, CE = 1, COP498/COP499 

4.096 

250 

kHz 


CS = 1, CE = 1, COP398/COP399 

8.192 

250 

kHz 

SK Duty Cycle 

SK frequency > 25 kHz 

25 

75 

% 


SK frequency = Min. 

48 

52 

% 

Inputs 





CS 





less 


0.2 


MS 

teSH 


0 


MS 

Dl 





'setup 


0.4 


MS 

'hold 


0.4 


MS 

Output 





DO 

Cl= lOOpF, 4.5V < Vcc < 5.5V, 




'pd1i 'pdO 

Vqh = 0.7 Vcc. Vol = 0.4 V 


2.0 

MS 

'pdli 'pdO 

Cl = 50pF, Vcc = Min., Voh = 2V, 





Vol = 0.7 V 


2.4 

MS 

Crystal Osc. Frequency 

XSEL = 1 


2.1 

MHz 


XSEL = 0 


65 

kHz 



Figure 2. Synchronous Data Timing 
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cs — 

1 


14 

CE — 

2 


13 

SK — 

3 


12 

01 — 

4 

C0P49a 

C0P398 

11 

00 — 

5 


10 

XSEL — 

6 


9 

GNO — 

7 


8 


•Vcc 
■ osc 


t XiN 
OVR 


■ IHz 


Order Number COP498N, COP398N 
NS Package N14A 


1 8 

2 C0P499 ^ 

3 C0P399 6 

4 5 


Vcc 
OVR 

t {)N 
GND 


Order Number COP499N, COP399N 
NS Package N08E 


Figure 3. Pin Connection Diagrams 


Pin 

Description 

Pin 

Description 

CS 

Chip Select 

1Hz 

1 Hz Square Wave Output 

CE 

Chip Enable 


Active Low Wake-Up Sjgnal to COPS^'^ 

SK 

Serial Data Clock 


Controller 

Dl 

Serial Data Input 

OVR 

External Override Wake-Up for COPS 
Controller 

DO 

Serial Data Output 


XSEL 

Crystal Option Select 

OSC 

Open Drain Oscillator Output 

X|N 

Crystal Oscillator Input 

Vcc 

Power Supply 

Xqut 

Crystal Oscillator Output 

GND 

Ground 


POP398 and COP399 are extended temperature devices (-40*0 to +85*0) of COP498 and COP499 (0*0 to 70*0) respec- 
tively, with all other functional and electrical characteristics being the same. Therefore, no further attempt will be made 
to distinguish between 00P498 and OOP398 or between OOP499 and 00P399. Unless otherwise specified, the following 
descriptions will apply to both COP498 and C0P499, and they will be known as the device. 


instruction Set 

OOP498 has six instructions as indicated In Figure 4. 
Note that the MSB of any given instruction is a “1”. This 
bit is properly viewed as a start bit in the interface se- 
quence. The lower 4 bits of the instruction contain the 
command for the device. One of the instructions (TSEC) 
should not be used in COP499 as It serves no purpose. 


Instruction 

Opcode 

Comments 

MSB 

WRITE 1 s 1 ri ro 

s=ON (wake up signal) fre- 
quency select 1=16 Hz, 0=1 Hz 
(s selection for COP498 only) 
(s=0 for COP499) 

READ 

1 1 Or, /o 

r-i, ro = register number (00, 

01, 10, 11) 

WREN 

10011 

Write enable 

WRDS 

1 0000 

Write disable 

TSEC 

10 0 10 

Test timer seconds latch 
(COP498 only) 

SLEEP 

1 0 0 0 1 

Put CO^™ controller to 
sleep (ON high) 


Figure 4. 

Instruction Set 


Functional Description 

A block diagram of OOP498 and OOP499 is given in 
Figure 1. Positive logic is used. When a bit is set to the 
higher voltage it is a logic “1 when a bit is reset to the 
lower voltage it is a logic “0”. The OOP498 can execute 


six instructions: READ (from any one of 4 registers in 
memory): WRITE (to any one of 4 registers in memory); 
WREN (write enable); VWDS (write disable); TSEO (t est 
and reset timer seconds latch); and SLEEP (drive ON 
signal high to turn off OOPS™ controller). The OOP499 
can execute all the above instructions except TSEO. All 
communications with the device are via the serial 
MIOROWIRETM Interface. Both OS and OE (CE only in 
OOP499) must be high to enable the device. The device 
must be deselected between instructions — either OS 
and/or OE must go low to insure proper operation. The 
deselecting of the device resets the counters and serial 
input register. 

Read/Write Memory 

The device has 256 bits of read/write memory. The mem- 
ory Is organized as 4 registers of 64 bits each. The data 
Is accessed serially through the Data Input (Dl) and Data 
Output (DO) pins. SK is the clock signal for data and 
instructions. 

The memory address register can be conceived of as 
two registers’, one two bits long and loaded directly from 
the instruction; the other six bits long and incremented 
by 1 with each SK pulse as long as the chip Is selected. 
The two bit register does not change during the execu- 
tion of a given instruction. The six bit register is reset to 
zero while the device is deselected. When counting, the 
six bit register wraps around from its maximum value 
back to zero. Thus memory locations are addressed rela- 
tive to the number of SK pulses after the chip is selected. 
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The READ instruction will select one of the 4 registers 
(the register being identified in the instruction opcode 
as indicated in Figure 4) and output the contents of that 
register to the DO pin until the device is deselected. 
Note that data output from the device, as a result of a 
READ instruction, continues as long as the device is 
selected and clocks are provided. Reading more than 64 
bits will cause rereading of some bits as the memory 
address register wraps around from the maximum value 
back to zero. 

The WRITE instruction selects one of the 4 registers 
(the register being identified in the instruction opcode 
as indicated in Figure 4) and takes the data from the Dl 
pin and stores that data into the memory register until 
the device is deselected. The write operation continues 
as long as the device is selected and clocks are pro- 
vided. Thus writing more than 64 bits will cause a 
portion of the data to be overwritten. 

Timer (COP498 only) 

With the XSEL pin tied high (Vcc), the timer is a 21 stage 
counter which can divide a 2.097152 MHz signal down to 
1 Hz. This creates the 1 Hz signal output. With XSEL tied 
low (ground), the timer is a 15 stage counter which divides 
a 32.768 kHz signal down to create the 1 Hz signal output. 
The rising edge of the 1 Hz signal is used internally to 
set the timer seconds latch. A wake-up signal is gener- 
ated at the ON output. This signal can be used to turn a 
COPS controller on. The wake-up rate is software select- 
able and may be either 1 Hz or 16 Hz. A bit in the WRITE 
instruction controis this wake-up rate (see Figure 4). By 
means of the SLEEP instruction a COPS controller may 
cause the ON signal to go high thereby providing a 
means for the controlier to safely turn itself off. 

An override capability is present whereby the ON pin may 
be prevented from going high. A “1” level at the OVR pin 
will force ON to go low (or stay low)_UTereby causing the 
controller to turn on or remain on. ON will remain low, 
and the controller on, as long as the OVR pin is high. To 
preserve timekeeping when using the override feature, a 
timer seconds latch is provided. This latch is set by the 
rising edge of the 1 Hz signal and is read and reset by 
the TSEC instruction. The timer seconds iatch is 
primarily intended for use when the override feature is 
implemented. However, it does provide a convenient 
one second timer which is software testable over a com- 
mon serial port. 

System Considerations 

When the COPS processor is being turned on and off, 
during the power supply transition between ground and 
operating voltage, some pulses may occur at the output 
pins of the processor. By using the WRDS and WREN 
instructions, together with the higher “1” level of the CE 
pin, accidental writing into the memory may be prevented. 
This is done by disabling the write operation before 
going to sleep and enabling the write operation when 
the COPS processor starts execution. A WRDS instruc- 
tion is automatically executed if the SLEEP instruction 
causes ON to go high turning off the COPS processor. 
Furthermore, WREN instruction is disabled as long as 
ON remains high. 

The XSEL pin, which identifies the timer counter length, 
should be tied to either Vcc o'" ground depending on the 


crystal input. For proper operation, the state of XSEL 
should not be changed while the device is in operation. 
If the oscillator and timer features are not used, the X|n 
pin should be connected to the GND pin and XSEL tied 
to Vcc- If the override feature is not used the OVR pin 
should be connected to the GND pin. 

The device is in a static mode when either the OS or CE 
pin is low. However, the device is in a dynamic mode 
when both OS and CE are high and at least one high level 
has been detected at SK while both pins are high. Be- 
cause of this, a minimum frequency is specified for the 
SK clock. This minimum frequency really translates to 
maximum on and off times for the SK clock. As the SK 
clock slows down, the duty cycle must get closer to 50%. 
For best operation, the user should regard the maximum 
on and off times for the SK clock as about 122j.<s (61 ^^s for 
COP398/COP399). 

COPSTM Controller to COP498/COP499 
Hardware Interface 

If the COPS controller is operating with a 4f.js instruction 
cycle time, a 47k resistor should be connected between 
SK and Vqc to speed up the rise time of the SK clock. If 
the override feature is used in COP498, the override sig- 
nal should be connected to the OVR pin of the COP498 
and an input of the COPS controller. This is simply to 
provide a means for the controller to know if it was turned 
on by override or normal timeout. The override signal 
should be free of noise. In systems where the COPS con- 
troller is operating with Vcc greater than 6 volts, SI and 
the override input on the controller should have high im- 
pedance, standard TTL level input options selected. To 
minimize current drain, in the controller, the override 
input to the controller should always use the high imped- 
ance option. 

Figure 6a illustrates the COP498 interface in a system 
with supply voltage less than 6 volts. The COPS control- 
ler can either be turned on by the timer or an external 
signal. A PNP transistor, controlled by the ON signal of 
the COP498, is used to gate the power to the COPS con- 
troller. A 0.05 fiF capacitor is connected across the sup- 
ply pins of the controiler to reduce voltage variations 
due to current spikes. It is not recommended to use large 
capacitance values here as problems can be introduced 
if the power supply fall time is too long. The switched 
supply fall time should be kept to about ten instruction 
cycles of the COPS processor. Resistor R2, between the 
ON pin of the COP498 and the base of the transistor, is 
used to limit current. Resistor R1, between the base and 
emitter of the transistor, is used to turn the transistor 
off when ON is high. The CE pin of the COP498 is tied to 
the Vcc Piri of the controller. This guarantees that the 
controller is at its full operating voltage before the 
COP498 can be accessed. When turned on, the PNP 
transistor should be saturated in order to minimize the 
voltage drop across it. The system power supply, which 
here is Vcc to the COP498, must be high enough to 
insure that the controller Vcc — which is the system 
supply less the voltage drop across the PNP transistor 
— is high enough to be recognized as a logic “1 ” at the 
CE input of the COP498. It is also desirable to have all 
input signals to the COP498 as close as possible to the 
COP498 supply levels to eliminate any static power drain 
which could significantly increase standby and 
operating current. 
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Maximum Quiescent 
Current 



Minimum Sink Current 
for DO, 1 Hz, OSC, ON 


IIQ 



1 

1 

■ 

■ 

1 

■ 

1 


9 

V 

E 

g 

■■ 

9 


gg 



i 


9 




fliHi 





0 'K. 1 1 1 1 i 1 

1 2 3 4 5 6 


Minimum Source Current 
for DO, 1 Hz 


! 


■ 

1 

a 

■ 


1 

i 

a 

a 

a 

1 

1 

E 

a 

a 

■ 

■ 

g 

i 

a 

a 

a 


1 2 3 4 5 6 


VflUT - V 


V0UT~V 


VOUT - V 


Maximum Standby 
Current for COP498/398 



Vcc - V 


Maximum Sink Current 
for QTI f 


Minimum Source Current 
for ON 



VOUT-V 



vqut V 


Maximum COP498/398 
Operating Current 



Maximum COP499/399 
Operating Current 



100 200 


SK FREQ - kHz 


XouT Minimum Sink 
Current with XSEL = 1 



VoUT V • 



VoUT-V 


Xqut Minimum Source 
Current with XSEL = 1 


9 



a 

a 

a 

19 


1 

a 

a 

a 

1 

1 

a 

a 

a 

a 


:C = 2-5V 

a 

a 

a 


1 2 3 4 5 6 

VOUT V 



VouT-V 
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I- WRITE INSTRUCTION 

r . \ s / T A ;, TT 


jTJLrmjmjiRJinu^lJirLrL 


1 1 \ 0 / M I ro 


Cr - 

DATA (64 BITS) — ►! 

iz^Doo — 


-r^^LrmrLrLnrLrL 


WREN ) 
WRDS < CS 
SLEEP 1 


10 0 / X I X 


Figure 5a. Instruction Timing 


jzj^TLrmjxrLniTLrLrui^ 


10 0 110 


{ DO 

■ 

DO 


Figure 5b. TSEC Instruction Timing 



Vcc CKI -1 5 

CE DO Li 

DO SI -L n ft- C 

— COP420 -r- 0.05 mF 

D1 SO 100 pfT I 

SK SK 

GNO GNO * 4 


Figure 6a. COP498.COP420 Interface 


Figure 6b. COP499-COP420 Interface 



11-67 


COP498/COP398, COP499/COP399 







COP498/COP398, COP499/COP399 


Figure 6b illustrates the COP499 interface in a system 
with a supply voltage less than 6 volts. The COPS proces- 
sor is being turned on by a switch (or an external signal) 
connected to the OVR pin. 

Figure 7 illustrates a COP498 interface in a system with 
a supply voltage greater than 6 volts. In such a system, 
the COP498 cannot be connected directly across the 
system supply. The power to the COP498 is derived from 
the system supply by means of a standard zener diode 
arrangement. A zener diode with a breakdown of about 5 
volts is recommended. A capacitor is connected across 
the COP498 supply pins to reduce voltage variations 
due to current spikes and to supply extra current when 
the COP498 is in active operation. Here it is assumed 
that the COP498 is in standby mode, i.e., deselected, 
most of the time and is active, selected, for a short 
period (less than 100 SK periods). 

The zener diode series resistor R3 should be selected to 
meet the current requirements of the zener diode and 
the standby current of the device. The primary purpose 
of the zener diode is to place an upper limit on the value 
of Vcc to the device. This insures that Vcc to the device 
will not exceed the specified maximum value. Since the 
device will operate from 2.5V to 6.0V, the choice of zener 
diode and series resistor is not critical. 

Note that the user may generate the two supply voltages 
in any manner compatible with system requirements. 

Because the COPS™ controller and the device have dif- 
ferent operating voltages, the high impedance standard 
TTL level input should be selected on the COPS control- 
ler for SI and any other input to the controller from the 
device. 


Vs 




OR EQUIVALENT 


Figure 7. COP498-COP420L Interface with Vs = 9V 
and 32.768 kHz Crystal 


Sample System Current Drain Calculation 

Suppose a 5V system consists of a COP420 and a COP498 
with a 32.768kHz crystal. The COP420 is being turned 
on once a second. Assume that the COP420 needs 10 ms 
for internal reset and 10 ms to update all the necessary 
Information, then the COP420 will be turned on for 20 ms 
every second, i.e., a duty cycle of 2%; and the COP498 
will be in operating mode for at most 10ms, i.e., a duty 
cycle of less than 1%. Because of the short duty' cycle, 
it is further assumed that the COP498 current drain will 
be that of standby current, about 75fiA at 5V. The 
current drain through the base of the switching transis- 
tor that turns on the COP420 can be estimated by the 
voltage drop across the current limiting resistor and in 
this case is assumed to be 3.5 mA. 

COP498 current drain = 75pA 
COP420 current drain = 0.02 x 25 mA = 500 ijA 
Switching transistor base current=0.02x3.5mA=70^<A 
Total system current drain = 500 -f 70 -H 75/.iA = 645 jtA 

The result shows that it is possible to achieve the low 
cost of NMOS and low power dissipation of CMOS simul- 
taneously with a system consisting of a COP498 and a 
COPS processor. 

COPS™ Controller — COP498/398 Software 
Interface 

Figure 8 shows a typical flow chart for a COP498 or 
COP499 Interface to a COPS' microcontroller system. 
This flow chart also illustrates the override feature. 
Since the override feature is being used, the first step is 
to inquire the device if it is necessary to increment the 
time. It is assumed that timekeeping is a necessary part 
of the application. This interrogation of the device is 



Figure 8. Typical COP498 Interface Flowchart 
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accomplished by means of the TSEC instruction which 
dumps the contents of the timer seconds latch to the 
serial output port and resets the latch, if the latch was 
set, the time must be incremented. This is accomplished 
by reading the appropriate memory register into the con- 
troller, incrementing the time and writing the register 
back out to the device. The next step is to check for the 
override signal. If it Is present a special override routine 
may be performed. If no override Is present, the controller 
turns itself off by sending a SLEEP command to the 
device. After sending the sLeep command, the control- 
ler goes into a loop to wait for power to go off. In the 
event the controller Is turned back on by the override 
signal before the voltage has dropped, the loop has a 
time limit which, when exceeded, causes the controller 
to Jump to the beginning of the program and start again. 
If the override feature is not used there is no need to 
test the timer seconds latch nor to test for the override 
signal. Without the override, the controller can only be 
turned on by the COP498 if the time out period has 
elapsed. Note also that the timer features continue to 
operate regardless of the state of the override signal. 
The override signal, when high, merely forces the OR 


pin to go low. The operation of the rest of the chip Is In 
no way affected by the override signal. 

General Code for Software Interface 

The code In Figure 9a Is recommended for Interfacing 
the device to any COPS controller other than COP410L/ 
COP411L. The code in Figure 9b is the recommended 
interface code for COP410L/COP411L. The code is writ- 
ten as subroutines and the code uses one level of sub- 
routine internally. It is apparent from the code that the 
software Interface Is somewhat different for the READ 
and WRITE Instructions than for the rest of the instruc- 
tions. The routine labelled SETUP is assumed to be in 
page 2 of the ROM. The rest of the code may be located 
anywhere In program memory subject to the usual 
programming rules of COPS microcontrollers. The lower 
four bits of the Instruction opcode are assumed to be 
located In RAM location COMAND, which Is chosen as 
location 3,15. Data I/O uses register 2. The controller- 
COP498/499 Interface is assumed to be as In Figure 6 or 
Figure 7. It is assumed that the SIO register in the COPS 
controller Is enabled as serial I/O prior to entry to these 
routines. 


WRITE: 

JSRP 

SETUP 


RW: 

LD 




XAS 


: READ/WRITE DATA 


XIS ' 




JP 

RW 



OBD 


; DISABLE THE COP498/499 (B = 0) 


JP 

FINISH 


READ: 

JSRP 

SETUP 



NOP 


: NEED A TOTAL OF 5 SK CLOCK DELAYS (5 NOP'S) 


NOP 


: UNTIL DATA OUT IS VALID AT SIO REGISTER 


NOP 




NOP 




NOP 




JP 

RW 


INSTRT: 

JSRP 

SETUP 

; ROUTINE FOR THE REST OF THE INSTRUCTIONS 


NOP 




NOP 


: DELAYS TO INSURE PROPER TIMING 

FINISH: 

CLRA 




RC 




OBD 


; ' DESELECT THE COP498/499 (B = 0) 


XAS 


: TURN OFF THE CLOCK 


RET 




. PAGE 

2 


SETUP: 

LBI 

COMAND 

: POINTED LOCATION WHERE COMMAND STORED 


CLRA 




SC 




XAS 


; TURN ON SK CLOCK 


OBD 


; ENABLE THE COP498/499(B = 15) 


CLRA 




XAS 


: MAKE SURE NO INVALID DATA SENT 


CLRA 




AISC 

1 

: SET UP START BIT 


SC 




XAS 


; SEND START BIT MSD OF INSTRUCTION 


LD 


; FETCH COMMAND TO A 


NOP 




NOP 


: MAINTAIN PROPER TIMING 


XAS 


; SEND COMMAND 


LBI 

2,0 

; POINT TO READ/WRITE REGISTER 


RET 


; RETURN TO MAIN ROUTINE 


Figure 9a. Software Interface to COP498/COP499 for COPS^^ Controllers Other Than COP410L/COP411L 
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WRITE: JSRP 

SETUP 


RW1: XAS 

RW2: LD 


; SEND COMMAND 

XDS 


: POSITION Bd PROPERLY 

RW; LD 

XAS 



XIS 



JP 

RW 


OBD 


; DISABLE THE COP498/499 (B = 0) 

JP 

FINISH 


READ: JSRP 

SETUP 

' ' 

XAS 


; SEND READ COMMAND 

NOP 


; DELAY FOR DATA VALID 

NOP 



NOP 

NOP 



NOP 



JP 

RW2 


INSTRT:JSRP 

SETUP 

; ROUTINE FOR REST OF INSTRUCTIONS 

XAS 

NOP 

NOP 


' ; SEND INSTRUCTION 

NOP 

NOP 

FINISH: CLRA 

RC 


: DELAY FOR INSTRUCTION ACCEPT 

OBD 


; DESELECT THE COP498/499 

XAS 

RET 


; TURN OFF THE CLOCK 

. PAGE 

2 


SETUP: LBI 

COMAND 


CLRA 

SC 



XAS 


: TURN ON SK CLOCK 

OBD 


ENABLE THE COP498/COP499 (B = 15) 

CLRA 



XAS 


: MAKE SURE NO INVALID DATA SENT 

CLRA 



AISC 

1 


SC 



XAS . 


; SEND START BIT-MSD OF INSTRUCTION 

LD 


: FETCH INSTRUCTION 

LBI 

2,9 


RET 




Figure 9b. COP410L/COP411L Software Interface to COP498/COP499 


The code in Figure 9a will read or write 64 bits at a time. 
Note that in the COP410L/411L the code in Figure 9b will 
read or write 32 bits at a time. The code of Figure 10 is 
recommended if the user wishes to work in biocks of 64 
bits with the COP410L/4i1L. Oniy the code Which is dif-. 
ferent from that shown in Figure 9b is shown in Figure 10. 

The routine in Figure 10 wili read/write into registers 2 
and 1 in the COP410L/411L. Figure 10 iiiustrates the pre- 
ferred method of achieving fuii utilization of the device 
memory when the COP410L/411L is the controlier. Re- 
member that aii the other routines are as shown in Figure 
9B. Figure 10 iiiustrates oniy that code that must be 
changed to achieve fuil usage of the device memory 
when using the c6p410L/411L. 


General Notes 

1. For complete safety in all cases it is recommended 
that the SK clock be turned off after the device has 
been deselected since the device is dynamic when it 
is enabled. If the clock is turned off while the device 
is selected, special care must be given to the SK tim- 
ing characteristics. In no case should the clock be 
turned off while the device is selected if the SK 
period is greater than about 50ps. 

2. The device does not become dynamic until both CS 
and CE are high and at least one high level is seen at 
the SK input. Thus the device may be safely enabled 
prior to turning on the clock as long as SK is low when 
the device is enabled. 
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WRITE: JSRP 

SETUP 

; INITIALIZE, SEE FIGURE 9B 

RW1: XAS 


; SEND COMMAND 

RW2: LD 


: POSITION Bd 

XDS 



RW; LD 



XAS 



X 

3 

: USE REGISTERS 2 AND 1 

LD 



NOP 



XAS 



XIS 

3 


JP 

RW 


OBD 

< 

; DESELECT THE COP498/499 

JP 

FINISH 



Figure 10. COP410L/411L-COP498/4g9 Special Routine 


3. The device must be deselected between instructions. 
Failure to do so will yield improper operation. The de- 
vice relies on the select lines changing state in order 
to clear internal registers. Only one of the select lines 
on the COP498 needs to go low between instructions. 

4. The user must insure that a WREN (write enable) in- 
struction has been performed in order to write to the 
device memory. The WREN command need be given 
only once unless the SLEEP feature is used. If ON 
goes high as a result of a SLEEP command, a write 
disable is automatically performed in order to provide 
maximum protection to the device memory while the 
COPS™ controller is powering up and powering 
down. As long as ON remains high, WRITE and 
WREN instructions are disabled. Thus when the 
COPS controller wakes up after previously issuing a 
SLEEP command, a WREN instruction is required 
before data can be written to the device. 

5. The six bit section of the RAM address register will 
increment whenever there are clock pulses present 
when the OS and CE pins are high. Thus the user can 
position the RAM address register if he wishes by 
selecting the device, holding the Dl pin low and sup- 
plying the appropriate number of clocks. Then, with- 
out deselecting the device, the user would send the 
instruction and read or write data. Although possible, 
this technique is not recommended as it is fairly 
involved. 

6. When using the TSEC command in COP498 with the 
code as given in Figure 9, the master program should 
test for the accumulator greater than 1 to determine 
if the timer seconds latch was set. Note again, test 
for greater than 1; do not test for greater than zero. 


jpo 

3 

C0P4S3 

jpo 

vccj 

C0P498 

jpo 



Note on MICROWIRE^** Interface 

If the device is connected to a MICROWIRE interface 
containing other circuits whose DO (data output) pins 
may produce a signal swing higher than Vcc of the de- 
vice, some protection is needed on the DO pin of the 
device. This happens when the DO pins of several peri- 
pherals powered by different voltages are connected 
together; e.g. a COP453 at 9.5V with a COP498 at 5.5V, 
or a COP452 at 4.5V with a COP499 at 2.4V. When the 
DO pin of COP498/499 is externally driven above its 
power supply voltage, a current will flow into it and this 
current must be limited to 1 mA. As an example, we have 
two COP453’s with a COP420L operating at 9.5V and a 
COP498 operating at 4.5V. When enabled, the DO pin of 
a COP453 may swing higher than 4.5V, the power supply 
voltage of the COP498. One way to limit the current is to 
use a current limiting resistor of 5.6 kQ between the DO 
pins of the COP453 and the COP498. NOTE: the SI pin of 
the COPS processor MUST BE A Hi-Z INPUT. Two con- 
figurations are possible as shown in Figure 11. Note that 
the resistor between DO and SI will give extra RC delay 
to the signal going from the DO pin to the SI pin of the 
COPS processor. Connection B is preferred because the 
DO signal from COP498 has nearly a whole SK cycle to 
become valid at SI input before the signal Is read by the 
processor. When a ROMIess COPS processor (COP401L/- 
COP402/COP404L) is used for emulation, the circuit 
shown in Figure 12 may be used to simulate a Hi-Z Input 
for the SI pin. 



Figure 11. High Voltage Protection on DO Pin 
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v+ 



Figure 12. Simulating Hi-ZSI Input on ROMIess Processors 
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Introduction 

Combining CMOS processes with microprocessors pro- 
vides today’s systems designers with a number of impor- 
tant benefits. The most significant of these is the low 
power consumption inherent in microCMOS technology. 

National has designed a CMOS microprocessor, the 
NSC800™, a product family that combines the 280® in- 
struction set with the 8085 multiplexed bus. 

THE NSC800; A COMPUTER SYSTEM FOR LESS THAN 5W 

The internal architecture of the NSC800 is similar to that 
of the 280, including the alternate register set, making it 
100% code compatible with the 280. The NSC800 is also 
CP/M® compatible. In addition, the use of a multiplexed 
bus allows the NSC800 to implement extra functions that 
are not found on the 280, including: 

• five interrupts (for faster response), 

• two special status lines (to ease decoding), 

• an on-board clock generator, 

• a power-save feature, 

• and a single-step pin. 

Program compatibility exists because the NSC800 exe- 
cutes the 158 instructions of the 280. In addition, with the 
many programs that are now commercially available, you 
can be up and running in the minimum amount of time with 
some of the most powerful and comprehensive software 
on the market. 

With the 280 architecture implemented in the NSC800, 
there are 10 addressing modes and 22 programmable 
registers available. You can directly address 64k bytes of 
memory and 256 I/O locations. In addition, the efficient 
multiplexed bus structure of the NSC800 allows many ex- 
tra functions to be provided by the CPU. 


A minimum system can be assembled from three chips: 
the NSC800 CPU, the NSC810 RAM-l/0 Timer, and the 
NSC830 ROM-l/0. This provides 2,048 bytes of mask- 
programmable ROM, 128 bytes of static RAM, 42 I/O lines, 
two 16-bit timers, and five levels of interrupts. All of these 
products, and even a special NSC831 I/O chip, are offered 
in three clock speeds: 1 MHz, 2.5 MHz, and 4 MHz. A CMOS 
real-time clock chip (the MM58167A) is also available that 
uses an on-board 32.768 kHz crystal-controlled oscillator 
circuit and can be operated in a low power drain battery- 
backup application where only 4 nfK are taken from a 2.5V 
power supply. 

In addition to the peripherals shown in Figure 12-1, more 
peripherals are being designed for the NSC800, such as 
the NSC858 (a CMOS UART). 

All the devices needed for an NSC800-based system are 
available from National Semiconductor. A wide variety of 
A/D and D/A converters, peripheral controllers and 
memory components (including RAMs and EPROMs) are 
offered. For example, the ADC0801 AID converter features 
accuracy as good as ±1/4 LSB, eliminates the need for 
external zero and full-scale adjustments and is designed 
to provide a direct interface to the NSC800. CMOS/iP-com- 
patible D/A converters are also available in 8-bit, 10-bit and 
12-bit resolutions to fit a wide variety of applications. 

To make it easier to “check out” the NSC800, an evalua- 
tion PC board is also available. This NSC888 Evaluation 
Board is a complete single-board computer system that in- 
cludes the NSC800 CPU, the NSC810 RAM-l/0 timers, a 
monitor in an EPROM, additional RAM and interface cir- 
cuitry and software for terminal communications (via 
RS232). 


LCD Display 
Driver 
MM54S2 


Real Time 
Clock 
MM58167 


EPROM 

NMC27C32 


Keyboard 

Encoder 

MM74C922 


Logic Devices 
MM74PCXX 
MM82PCXX 


FIGURE 12-1. The NSC800 Family with a Broad Line of Low Power Peripheral Components 
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National 

Semiconductor 


PRELIMINARY 


microCMOS 


MA2000 Base Plane and Power Supply Module 


General Description 

The MA2000 module provides a base and power supply 
subsystem for National Semiconductor’s Modular 
Macrocomponent''^'’’ family. The base plane provides 
power conversion from a low voltage AC or DC input to 
the regulated +5V, +12V and -12V supplies used by the 
MA2000 series modules. A reset pushbutton is provided 
along with a M A2800 LED status indicator. The base plane 
provides for a battery back-up system as well as power-fail- 
output logic. Zero crossing output logic is also included. 
The base plane includes a 52-pin socket for the MA2000 
series modules and a 60-pin edge connector for user 
access to the bus and other functions. 


Features 

■ Operates off wide range of AC or DC input power 

■ Internal or external RAM battery backup system 
a Power-fail output logic 

a Zero crossing output logic (AC input only) 
a System operating status LED indicator 
a Manual reset switch 

a 60-pin I/O connector for user access to bus and 
other functions 

a 52-pin socket for MA2000 series macrocomponents 
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MA2000 


Absolute Maximum Ratings 

Ambient Operating Temperature -40° to -i-85°C 

Storage Temperature -55°Cto-H00°C 

Eiectricai Characteristics uniess otherwise stated, ta-i-25°c, Vin = + 9.ov to -t-is.ovDc 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply Section 

DC Load 
-fSV, = 250mA 
-H2V, = 40mA 
-F 12V, = 40mA 

8.0 

47 


14.0 

440 

Vrms 

Hz 


AC Inputs 

DC Input 


9.0 


18.0 

V 

Vout'^12V 

lo = 0 to 80 mA 

11.4 


12.6 

V 

Vout-12V 

-lo = 0 to 80 mA 

-11.4 


-12.6 

V 

Vout+5V 

lo = 0 to 500 mA 

4.75 


5.25 

V 

Vripple RMS + and -12 V 

lo = ±80mA 


50 


TIVrms 

VripplE RMS +5V 

lo = 500 mA 


25 


mVpMs 

-t-SV Overhead 

After Power 

Fail Flag 

-F5V, lo = 250 mA 
-1-12 V, lo = 40mA 
-12V, lo = 40mA 


10 


ms 

Zero Crossing Detector 

AC Input, f|N = 50 or 60 Hz, phase 
referenced to actual AC input zero 
crossing (i.e., transformer 
secondary). AC input = 8.0 to 14.0 
Vrms- 






0 Angle 



±3 


Degree 

VoL CMOS to CMOS 

Vcc = 5v, lo = 10fja 



0.5 

V 

VoH CMOS to CMOS 

Vcc = 5v, loF<a 

4.5 



V 

Pw 



40 


^^s 

Power Failure Detector 







Vth 

Threshold Voltage of V|n 


8.5 


V 

Vql 

lsiNK<2mA, V|n<Vth 



0.4 

V 

VoH 

lsOURCE<5fiA, Vin^Tth 

4.0 



V 

System Status Output/Indicator 

LED Off = Off 

Flashing = Running 
Continuous = Halt 


10 

■ 

Hz 


Output 

VoL 

lsiNK<50mA 



0.4 

V 

Vqh 

IsOURCE^ lO^A 

3.5 



V 


PWR ON PWR OFF 


PWR FAIL 




P. 

-2 

MPF 





-« — ZOmsTYP. ' — ♦ 

“ower On/Off Timing 





-^SmsTY 

TUWf5168 
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System Socket Pin Identification 


Edge Connector Identification 


1 


52 

2 


51 

3 


50 

4 


49 

5 


48 

6 


47 

7 


46 

8 


45 

9 


44 

10 


43 

11 


42 

12 


41 

13 

JI 

40 

14 


39 

15 


38 

16 


37 

17 


36 

18 


35 

19 


34 

20 


33 

21 


32 

22 


31 

23 


30 

24 


29 

25 


28 

26 


27 


BAT 

A14 

A15 

M 

SI 

Wait 

BREQ 

BACK 

ALE 

lO/M 

OVERLAY 

SO 

+5V 

Mi 

TnIa 

07 

06 

05 

04 

03 

iin 

RSTA 
RSTB 
RSTC 
-12V 
GNO ±12V 


See the MA2800 data sheet for a 
functional description of the pins. 


1 

3 


5 

cz 

7 


9 


11 


13 

• 

15 

• 

17 

• 

19 

• 

21 

• 

23 

• 

25 

• 

27 

• 

29 

• 

31 

• 

33 

• 

35 

• 

37 


39 


41 


43 

• 

45 

• 

47 

• 

49 

• 

51 

• 

53 

• 

55 

cz: 

57 

c= 

59 

1= 


CLK 

MPF 

GND ±12V 

RSTC 

RSTA 

03 

05 

07 

RMT 

SO 

lO/W 

BAUK 

WAIT 

nra 

A14 

PWR FAIL 
EX. BAT IN 
DC IN + 

AC IN 


WR 

A12 

A10 

AS 

A6 

A4 

A2 

AO 

01 j 

GND t5V 
PS 
RESET 
+12V I 
-12V 
RSTB 

ifrr 

04 

06 

INTA 

+5V 

Overlay 

ALE 

BREQ 

SI 

A15 

' BAT 

ZERO CROSSING 
STATUS 
DC IN GND 
AC IN 



2 


4 


6 


8 


10 

• 

12 

• 

14 

• 

16 

• 

18 

• 

20 

• 

22 

• 

24 

• 

26 

• 

28 

• 

30 

• 

32 

• 

34 

• 

36 

• 

38 

• 

40 

• 

42 


44 


46 


48 


50 

• 

52 

• 

54 


56 


58 

= 

60 


Input/Output Configurations 



MM "L-*" 

74C221 



PWR Input 


Zero Crossing Output 


RAM Backup 


System Status Indicator 



Power Fall and MPF 


I 6 Ji 

I™ 


Reset System 
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Mechanical 


3 M 3666-0000 THRU 0002 

(MATING CONNECTOR: VIKING 3VH30/1JN5 or 3VH30/1JV5) 
0.100" CTRS 

60 CONTACT EDGE CONNECTOR (PI) 



(MATING CONNECTOR; 
SWITCH CRAFT #760) 
' AC ADAPTOR (J2) 




National 
Semiconductor 


PRELIMINARY 


microCMOS 


MA2016 16,384 x 8-Bit CMOS Static RAM Moduie 

General Description Features 


The MA2016 consists of eight 2k x 8 -bit CMOS RAMs 
aiong with an address decoder capable of decoding up to 
a 128k X 8 -bit low power CMOS RAM. it operates on a 
single 5V power supply and is able to retain data down to 
2V. The MA2016 does not require a refresh and all inputs 
and outputs are TTL compatible. Multiple MA2016 mod- 
ules may be stacked in a piggyback fashion or laid out in 
any manner desired. The low power requirements and ver- 
satile layout make the MA2016 very useful for low power 
hand-held battery powered applications. 


Applications 


Portable terminals 
Hand-held devices 
Pos terminals 
Remote instrumentation 
Process controllers 
Microcomputer memory 


Features 

■ 16k X 8-bits fully decoded 

■ Cutputs directly TTL compatible 

■ Low power— typical 400 mW 

■ 250 ns access time 

■ Static operation— no clocks or refreshing required 

■ Single 5V supply ±10% 

■ 2V minimum for data retention 

■ TRI-STATE® outputs for bus operation 

■ Common data I/C pins 

■ Separate CE pin 

■ Internal power supply decoupling 

Ordering information 

MA2016 


Connection Diagram 


Logic Symboi 





OE — 

1 • 

29 

WE — 

2 

28 

A13 — 

3 

27 

A12 — 

4 

26 

A10 — 

6 

E9 

A9 — 

7 

E8 

A8 — 

8 

E7 

A7 — 

9 

E6 

A6 — 

10 

E5 

A5 — 

11 

E4 

A4 — 

12 

E3 

A3 — 

13 

E2 

A2 — 

14 

El 




AO — 

16 

25 

l/Oo — 

17 

24 

I/O 1 — 

18 

23 

I/O 2 — 

19 

22 

GND — 

20 

21 


TOP VIEW 


Pin Names 



CS Chip Select Input (user programmable) 

CE Cutput Enable Input 

WE Write Enable Input 

I/C 0 -I/C 7 Data Inputs/Cutputs 

A0-A15 Address Inputs 

(A14, A15 Block Select, user programmable) 
Vcc Power (typical 5V) 

GND Ground 


AO 




l/Oo 

A1 




I/O 1 

A2 




I/O 2 

A3 




I/O 3 

A4 




I/O 4 

A5 




I/O 5 

A6 




l/Oe 

A7 




I/O 7 

A8 





A9 





AID 





All 





A12 





A13 





A14* 





A15* 

CS^ 

WE 

OE 



' active state user selectable 


Truth Tabie 


CS* 

WE 

OE 

I/O 

Mode 

H 

X 

X 

Hi-Z 

Standby 

L 

H 

L 

Dout 

Read 

L 

H 

H 

Hi-Z 

Read 

L 

L 

X 

D|n 

Write 


' CS state is user selectable. Table shown with jumper E7 to E8 and E4 to 
E5 installed. 
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MA2016 


Absolute Maximum Ratings 


AC Test Conditions 


Voltage at Any Pin with Respect 
toGND 

Operating Temperature 
Storage Temperature 
Temperature with Bias 
Power Dissipation 


- 0.3V to + 7.0V 
O'CtoTO-C 
-65“Cto + 150“C 
-lO'Cto +85*0 
1.0W 


LeadTemperature(Soldering, 10 seconds) 


SOO'C 


Input Pulse Levels; 0.8V to 2.4V 

Input RiseandFallTimes: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load; ITTLgateand 

Cl=100pF 
(including scope and fixturing) 


DC ElGCtrical Charactaristics Vcc = 5V± 10%, GND = 0 V, Ta = 0®C to 70°C unless otherwise indicated. 


Symbol 

Parameter 

Conditions 

Min 

TVP 

Max 

Units 

IIliI 

■l!1!lllieH!a!ISI«IW.B:ll.l.l*..iJ 

V|N = 0V to Vcc 



20 


I'liI ' 

Input Leakage Current A11-A15,C5 

V|N = 0V to Vcc 



5 

mA 

IIloI 

Output Leakage Current 

CS = V|HOrOE = V|n 

V|/o = OV to Vcc 



20 

fiA 

■ccop 

Operating Power Supply Current 

CS = V|L, l|/o = 0 mA 


55 

(Note 1) 


mA 

•CCSB 

Standby Power Supply Current 

^=V,H 


32 

(Note 1) 


mA 

ICCDR 

Standby Power Supply Current 

Data Retention 

Vcc = 2.0V, CS = Vcc 

V||v| = 0V or Vcc 


35 

(Notel) 


^A 

VpR 

Data Retention Voltage 

CS = Vcci V|M = 0V or Vcc 

2 



V 

o 

> 

Output Voltage Low 

Iol = 2.1 mA 



0.4 

V 

VoH 

Output Voltage High 

loH = -1.0 mA 

2.4 



V 

V|L 

Input Voltage Low 


-0.3 


0.8 

V 

V|H 

Input Voltage High 


o 

CNi 

I 

o 

o 

> 


Vcc + 0.3 

V 


Capacitance (Note 2) Ta = 25’’c, t = 1 .0 mhz 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|/0 

Input/Output Capacitance I/Oq-I/O? 

< 

o 

II 

o 

< 


70 


PF 

C|N 

Input Capacitance A0-A10, WE, OE 

< 

z 

II 

o 

< 


55 


PF 

C|N 

Input Capacitance A1 1 -A15, ^ 



20 


PF 


Notel: Vcc = 5V,Ta = 25*C 

Note 2: This parameter is sampled and not 100% tested. 
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AC Characteristics- Read Cycle (Vcc=5v±io%,Ta=o°c to 7o°c) 


Symbol 

Parameter 

tpc 

Read Cycle Time 

Ua 

Address Access Time 

Ucs 

Chip Select Access Time 

'CLZ 

Chip Seiection to Output in Low Z 

toE 

Output Enabie to Output Valid 

toLZ 

Output Enable to Output in Low Z 

tCHZ 

Chip Selection to Output in Hi-Z 

tOHZ 

Output Disable to Output in Hi-Z 

^OH 

Output Hold from Address Change 



Timing Waveforms 


Read Cycle [1] (Notes 1 and 5) 

Ihc 




Read Cycle [2] (Notes 1, 2, 4 and 5) 

tflC 




Read Cycle [3] (Notes 1, 3, 4 and 5) 



Note 1: WE is high for read cycle. 

Note 2: Device Is continuously selected, CS = V||_. 

Note 3; Address valid prior to or coincident with CS transition low. 

Note 4: OE = V|l. 

Note 5: When CS Is low, the address input must not be In the high Impedance state. 
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MA2016 


AC Characteristics- Write Cycle (Vcc=5v±io%,TA=o‘'cto 70"c) 


Symbol 

Parameter 

two 

Write Cycle Time 

*cw 

Chip Selection to End of Write 

Uw 

Address Valid to End of Write 

Us 

Address Set-Up Time 

twp 

Write Pulse Width 

twR 

Write Recovery Time 

toHZ 

Output Disable to Output in Hi-Z 

twHZ 

Write to Output in Hi-Z 

Uw 

Data to Write Time Overlap 

Uh 

Data Hold from Write Time 

tow 

Output Active from End of Write 
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Timing Waveforms (Continued) 


Write Cycle [2] (Notes 1 and 6) 

twc ; 



.« tew •- 


^(NOTES) 


(NOTE 7) (NOTE 8) 



Note 1: We must be high during all address transitions. 

Note 2: A write occurs during the overlap (t^p) of a low CS and a low WE. 

Note 3; t\/^/R is measured from the earlier of ^ or WE going high to the end of write cycle. 

Note 4: During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

Note 5: If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 
Note 6: OE Is continuously low. (OE = V|L.) 

Note 7: Dqui 's the the same phase of write data of this write cycle. 

Note 8: Dqijt is the read data of next address. 

Note 9: If C^ls low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 


Low Vcc Data Retention Characteristics (Ta=o“c to 7o°c) 


Symbol 

Parameter 

Min 

tcDR 

Chip Deselect to Data Retention Time 

0 

Ir 

Operation Recovery Time 

200 
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MA2016 


















Block Diagram 



Memory Expansion 

BLOCK ADDRESS DEDICATION jhe modules may be stacked up (8 max) or layed out hori- 

The user must assign 16k block address boundaries by in- ^ combination to fit system profile 

stalling provided jumpers for each module. A summary of constraints (Figure 1). 

jumper connections for contiguous address boundaries The low voltage data retention feature is usable to a max 

from 0k-128k are shown in Table I. of four modules when stacked vertically. 





Memory Expansion (Continued) 


MA2016 

# 



Jumpers* 

E9 E 8 E7 E 6 E5 E4 E3 E2 El 



I/O 

Address Boundary (Hex) 

0k-16k 

0000 10 

3FFFi6 

16k-32k 

4000i6 

7FFFi6 

32k-48k 

8 OOO 10 

BFFF 16 

48k-64k 

COOO 10 

FFFF 16 

64k-80k 

IOOOO 16 

13FFFi6 

80k-96k 

CD 

o' 

0 

0 

17FFFi6 

96k-112k 

1800016 

IBFFF 16 

112k-128k 

i 0 

0 
0 
: 0 

o> 

IFFFF 16 

TRI-STATE 




MA2016 



















MA2732 


National preliminary 

Semiconductor 

MA2732 Sk-Byte CMOS UVPROM/RAM Module 

General Description Features 




The MA2732 8k-byte CMOS UVPROM module is a member 
of the MA2000 series family. It provides a standard 
modular macrocomponent package and bus interconnect 
facility for industry-standard 27C16 or 27C32 UVPROMs. 
The module provides two standard sockets for the pack- 
aged parts. The UVPROMs are selected and programmed 
by the user and then simply inserted into the sockets pro- 
vided in the MA2732 module. The MA2732 can be con- 
figured by the user in PROM capacities of 2k-bytes, 
4k-bytes or 8k-bytes at the user’s option. The MA2732 is 
designed such that if the user needs only one of the two 
sockets for program memory the remaining socket can be 
populated with a 2kx8 CMOS RAM to obtain additional 
data memory. The internal macrobus provides for simple 
integration of the MA2732 with other members of the 
MA2000 family. Key features of this module include a com- 
plete UVPROM subsystem, self-contained memory map 
selection logic, opcode, decode and wait-state generator, 
and output buffered single 5V operation. 


■ Complete UVPROM subsystem 

■ Configurable as either 2k, 4k or 8k-bytes of ROM 
or2/4k ROM and 2k RAM 

■ User selectable jumpers for memory mapping 

■ Internal user selectable wait-state generator 

■ Buffered data outputs 

■ Low power— when using two NMC27C32 EPROMs for a 
full 8k-bytes 

■ Sockets will accept any of the popular 24-pin 
ROMs/RAMs 

■ When the module is not selected it is automatically 
placed in standby mode (10 mW max using two 
NMC27C32S) 

■ Single 5V operation 

■ Unique stackable module 


Applications 

■ Portable terminals ■ Remote instrumentation 

■ Hand-held devices ■ Process controllers 

■ Pos terminals ■ Microcomputer memory 

Connection Diagram 



Pin Names 

RD 

Read strobe input 

A0-A15 

Address inputs 

D0-D7 

Data outputs (buffered) 

CLK 

Clock input 

S0-S1 

Status inputs 


Overlay input 

lO/M 

Input/output memory input 

ALE 

Address latch enable input 

inR 

Inhibit input 

5V 

. Power supply input 

GND 

, Digital GND 

WR 

Write strobe input 
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Absolute Maximum Ratings 

Vcc Supply Voltage 6.0V 

Voltage at Any Pin 

RelativetoGND GND -0.3V to Vcc + 0.3V 


Ambient Operating Temperature -40°Cto +85°C 

Storage Temperature - 55°C to + 100°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics t^ = + 25°C, Vcc = 5V ± 10%, GND = 0 uniess otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 




0.6 

V 

V|H 

Input High Voltage 


3.5 



V 

l|N 

Input Leakage A11-A15, INH, CLK, RD, WR 

V||M = 0 to Vcc 
(Note 1) 

-100 

1 

100 

/^A 

l|N 

Input Current (Internal Pull-Up Resistors) 

OL, E1-E6, lO/M 

V|n = 0.4V 

100 


25 

^A 

l|N 

Input Current (Internal Pull-Down 

Resistors) ALE, SI, SO 

V,n = 2.4V 

25 


100 

rrA 

Vql 

Output Low Voltage D0-D7 

lo = 2.0 mA 



0.4 

V 

Vqh 

Output High Voltage D0-D7 

lo= -2.0 mA 

2.4 



V 

Vql 

Output Low Voltage WAIT 

lo = 3.0 mA 



0.4 

V 

Vqh 

Output High Voltage WAIT 

lo= - 1.0 mA 

2.4 



V 

Icc 

Supply Current 

V|N = VcC 
Outputs Open 



600 

(Note 2) 

/iA 


Control Timing Diagram 


Symbol 

Parameter 

Conditions 

Typ 

Units 

UvDV 

Valid Address to Valid Data 


105 

ns 

UXDZ 

Address to Data Hi-Z 


120 

ns 

UVEL 

Valid Address to Chip Enable 


25 

ns 

UxEH 

Address to Chip Disable 


35 . 

ns 

•tcVDV 

Valid Control Lines to Valid Data 

INH = E5; 10/M = V|l; ^ = V|h 

100 

ns 

tcXDZ 

Control Line to Data Hi-Z 

INH = E5; lO/M = V|h: ^ = V|l 

115 

ns 

tcVEL 

Valid Control Lines to Chip Enable 

Same as for tcvDV 

25 

ns 

'CXEH 

Control Line to Chip Disable 

Same as fortcxDZ 

35 

ns 

twLDV 

WR Low to Data Valid Data 


125 

ns 

twHDZ 

WR High to Data Hi-Z 


75 

ns 

tRLDV 

RD Low to Data Valid 


125 

ns 

tRHDZ 

RD High to Data Hi-Z 


75 

ns 

tpD 

Propagation Delay 


50 

ns 


FOR MA2800 INTERFACE ONLY 


TAVQV 

Valid Address to Valid Output (Note 3) 


<450 

ns 

TELQV 

Chip Enable to Valid Output (Note 3) 


<450 

ns 

TOLQV 

Output Enable (RD) to Valid Output (Note 3) 


^120 

ns 

TQVWH 

Output Valid to WR High 


<400 

ns 

TQVEH 

Output Valid to CEHigh 


<500 

ns 

TELEH 

Enable Strobe Width 


si 

AS 


Note 1: l|M on A0-A10 depends on user selected ROM or RAM. 

Note 2: This does not include user supplied ROM or RAM. 

Note 3: During an opcode fetch these timing values can be Increased by 400 ns through jumpering E7. 


12 


12-15 


MA2732 











































































































































INH. OVERLAY 
lO/M 



CE (U1 AND U2) 


MA2732 



(DATA VALID) 



Typicf 







MA2732 


Block Diagram 



MEMORY MAPPING 


El 

E2 E3 

E4 

E6 


Address 


Boundary (HEX) 




■m 

• • 

• 

• 

0 

0 

0 

0 


F 

F 

F 





• • 


• 

1 

0 

0 

0 

1 

F 

F 

F 





• 

• 

• 

2 

0 

0 

0 

2 

F 

F 

F 





• 


• 

3 

0 

0 

0 

3 

F 

F 

F 





• 

• 

• 

4 

0 

0 

0 

4 

F 

F 

F 





• 


• 

5 

0 

0 

0 

5 

F 

F 

F 






• 

• 

6 

0 

0 

0 

6 

F 

F 

F 



4k Blocks 




• 

7 

0 

0 

0 

7 

F 

F 

F 


► 

U1 = Lower 2k 


• • 

• • 

• 

• 

• 

8 

9 

0 

0 

0 

0 

0 

0 

8 

9 

F 

F 

F 

F 

F 

F 



U2 = Higher 2k 


• 

• 

• 

A 

0 

0 

0 

A 

F 

F 

F 





• 


• 

B 

0 

0 

0 

B 

F 

F 

F 





• 

• 


C 

0 

0 

0 

C 

F 

F 

F 





• 


• 

D 

0 

0 

0 

D 

F 

F 

F 






• 

• 

E 

0 

0 

0 

E 

F 

F 

F 







• 

F 

0 

0 

0 

F 

F- 

F 

F 




• 

• • 

X 


0 

0 

0 

0 

1 

F 

F 

F 




• 

• 

X 


2 

0 

0 

0 

3 

F 

F 

F 




• 

• 

X 


4 

0 

0 

0 

5 

F 

F 

F 



8k Blocks 

• 


X 


6 

0 

0 

0 

7 

F 

F 

F 


► 

U1 = Lower 4k 


• • 

X 


8 

0 

0 

0 

9 

F 

F 

F 



U2 = Higher 4k 


• 

X 


A 

0 

0 

0 

B 

'F 

F 

F 



or 2k RAM 


• 

X 


C 

0 

0 

0 

D 

F 

F 

F 






X 


E 

0 

0 

0 

F 

F 

F 

F 





X = don't care 

E1 = A15 = logic “0” when jumper is installed (•) 
E2 = A14 = logic “0” when jumper is installed (•) 
E3 = A13 = logic “0” when jumper Is installed (•) 
E4 = A12 = logic “0” when jumper is installed (•) 


E5 = INH = logic “0” when jumper is installed {•) 

E6 = 4k block select = logic "0" when jumper is installed (•) otherwise 8k block 
E7 = Wait when jumper is installed (•) adds one wait state during opcode fetch only. 
E8 = U2 is ROM when jumper is installed. 

E9 = U2 is RAM when jumper is installed. 
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m National preliminary 

Semiconductor 

MA2800 8-Bit CMOS Microcomputer Module 

General Description Features 


microCMOS 


The MA2800 is a low power, 8-bit CMOS microcomputer 
system, it provides a CPU, ROM, RAM, parallel and serial 
I/O ports, a system clock, programmable timers, priority 
interrupt logic, a software monitor program and 5 MHz 
operation— in a single 1.6 by 3.3 by 0.45 inch, 52-pin 
module. 

The CPU module utilizes an NSC800™, which provides 
basic CPU functions, vectored priority interrupt, power- 
save feature, interrupt acknowledge and Z80 software 
compatibility. 

The 4k ROM in the CPU module contains the resident 
monitor program which aids in developing software and 
manipulating I/O devices and memory bytes. 

The CPU module also contains 2k of RAM. The resident 
monitor program uses the top 256 bytes for a scratchpad; 
the remaining space is user availabie. 

An NSC810 in the CPU module provides the I/O ports and 
timer. The CPU module utilizes its three ports for basic I/O 
operation: 8 bits of port A; 6 bits of port B; and 6 bits of port 
C. Port A can operate in a strobed mode by using 3 bits of 
port C for handshaking. Two bits of port B can be con- 
trolied by the monitor program for serial interfacing. The 
CPU module also utilizes its two programmabie 16-bit 
timers, capable of DC to 4 MHz operation. 

The CPU module controls two memory maps, inter- 
nal— 16k, and external— 64k. The internal memory maps 
consist of the 4k monitor program in ROM, the 2k scratch- 
pad RAM and a user supplied 8k block for programs. The 
external memorymapisusersupplied. When selected,the 
external memory map shadows the internal memory map. 
The internal memory map defaults to the external memory 
map at addresses above the 16k block; thus, the top 48k of 
memory space can be considered common memory. 


Features 

■ General 

• Single 5V power supply 

• On-board monitor program 

• Addresses 64k bytes of memory 

• Addresses 256 I/O spaces 

• Unique save-power feature 

• Standard MA2XXX bus structure 

• Multiplexed and non-multiplexed bus interface 
capability 

• On-board controiler and 2.5 MHz clock generator 

• Speed: 1.6/45 instruction cycle 

• Small size: 1.6 by 3.3 by 0.45 inches 

■ CPU 

• Fully compatible with Z80 instruction set 

• Powerful set of 158 instructions 

• 10 addressing modes 

• 22 internal registers 

• Five prioritized interrupt request lines 

■ I/O Ports 

• 3 programmable I/O ports 

• Strobed mode operation 

• Serial interface capability 

• Single instruction I/O bit operation 
H Timer 

• Two 16-bit programmable counter/timers 

• Timer operation: DC to 4 MHz 


Connection Diagram 


MODULE 1/0 CONNECTOR PORT 


2 4 6 8 10 12 14 16 18 20 22 24 2Ec 
1 3 5 7 9 11 13151719 21 2325. 


I/O Pin Descriptions 


MA2S00 

MACROCOMPONENT™ 


JUMPER SELECTION 
FIELD 


n m ™ 


MODULE STRAPPING FIELD 
TOP VIEW 


■WAIT 

•BREQ 

1. RFSH 

10. PCI 

19. 

PA7 

■bSCk 

■ALE 

■lO/M 

2. CLK 

11. CSC IN 

20. 

PA4 

3. TO OUT 

12. PB4 

21. 

PAS 

■ PHANTOM 

■SO 

■Vcc 

4. TO IN 

13. PBS 

22. 

PA2 

5. PC4 

14. PB2 

23. 

PA3 

NMI 

6. PCS 

IS. PB3 

24. 

PAO 

D7 

7. PC2 

16. PBO 

2S. 

PA1 

•06 

05 

>04 

8. PC3 

9. POO 

17. PB1 

18. PA6 

26. 

GND 



MA2800 







MA2800 


Functional Pin Description 

SYSTEM BUS INPUT SIGNALS 

Power-Save (PS): Active low.JPIaces the CPU in a reduced 
power consumption mode.^S is sampled at the end of 
each instruction cycle. If PS is low, the CPU stops ex- 
ecuting at the end of the current instruction and puts itself 
in the low power mode. In this mode, the internal CPU 
clock is suspended, halting CPU operation (but the oscil- 
lator still operates and the CLK signal will still output). 
Normal operation resumes when PS is returned high. 

Reset In (PBRESET): Active low. Resets the CPU module. 
When active, the CPU resets itself by clearing the con- 
tents of the PC, I and R registers, disabling the interrupts 
and setting RESET high. 

Non-Maskable Interrupt (NMI): Active low. Allows a 
peri pher al to interrupt the CPU’s normal operation. An ac- 
tive NMI sends the CPU to a de dicat ed address within the 
memory map (Table I). An active NMI r eque st is recognized 
at the e nd of the current instruction. NMI has the highest 
priority. NMI execution saves the PC register on the stack. 

Restart Interrupts A, B and C (RSTA, RSTB, RSTC): Active 
low. Allows peripherals to interrupt the CPU's normal 
operations. When enabled (Table II), an active restart inter- 
rupt sends the CPU to a dedicated address within the 
memory map (Table I). Restarts are recognized at the end 
of the current instruction cycle, when the respective inter- 
rupt enable and master interrupt enable bits are set. The 
order in which the CPU re cogn iz es the inte rrupt i s fixed 
(highest first) as follows: RSTA, RSTB and RSTC. If not 
enabled, these lines do not affect the system. 

Interrupt Request (INT): Active low. Allows a peripheral to 
interrupt the CPU’s normal operation. When enabled 
(Table II), an active INT sends the CPU to a dedicated ad- 
dress within the memory map (Table I). Active interrupt re- 
quests are recognized at the end of the current instruction, 
provided the interrupt enable and master interrupt enable 
bits are s et. INT h as th e lowest,priority. In conjunction with 
the INTA output, INT can execute in three distinct modes 
via software control. If not enabled, this line cannot affect 
the system. 

Bus Request (BREQ): Act ive low . Allows another device 
control of the system bus. BREQ is recognized at the end 

* Actual power saved is minimal In the module because of ROM and RAM 
supply currents. Iqq drops from approx. 30 mA to 27 mA. 

TABLE I 


of the current machine cycle. If acti^, the data bus, the ^- 
dress bus and th e cont rol signals (RD, WR, CLK an d lO/M) 
are TRI-STATE®. BREQ is acknowledged via setting BACK 
active. 

Wait (WAIT): Active low. Extends the machine cycle in 
order to accommodate slow peripherals communicating 
with the CPU module. When set low during RD or WR, the 
CPU e xtends its machine cycles (in increments of T) until 
WAIT returns high. 

Phantom (PHANTOM): Active low. Control line generated 
by future external modules for disabling external memory. 
Not used by the CPU module. 

Inhibit External Memory (INH): Active low. Selects be- 
tween internal and external memory maps. A low signal 
activates the internal memory map (disables external 
memory) and a high signal activates the external memory 
map (disables internal memory). Note that when using 
MA2016 external memory modules with the MA2800, 
jumper E8-E9 must be installed. 


SYSTEM BUS OUTPUT SIGNALS 

Read Strobe (RD): Active low. On the trailing edge of the 
RD strobe the data lines are input to the CPU. This line is 
TRI-STATE during reset and bus request cycles. 

Write Strobe (WR): Active low. When active, the CPU out- 
puts valid data on the data lines. This signal is TRI-STATE 
during reset and bus request cycles. 

Address Bits (A0-A15): Active high. These are the ad- 
dress lines for memory and I/O space. The address bus is 
TRI-STATE during reset and bus request cycles. 

Data Bits (D0-D7): Active high. Typically these lines form 
the data bus. They input data to the CPU when RD or INTA 
are active and they output data from the CPU when WR is 
active. The data bus also contains the addresses (A0-A7) 
while ALE is high, enabling the CPU module to interface 
with multiplexed systems (thus, often referred to as 
DA0-DA7). The data bus is TRI-STATE during reset and bus 
request cycles. 


TABLE II. INTERRUPT CONTROL REGISTER 
(WRITE TO I/O PORT OBBH) 


Interrupt 

Name 

Opcode/Instruction 
(Mode 0 INTA Responses) 

Restart Address | 

ROM 

RAM 

rsTo 

C7H 

000 H 

17D0H 

RSTi 

CFH 

0008H 

17D3H 

RST2 

D7H 

0010H 

17D6H 

RST3 

DFH 

001 8H 

17D9H 

RST4 

E7H 

0020H 

17DCH 

R^ 

EFH 

0028H 

17DFH 

RFTe 

F7H 

0030H 

17E2H 

RST7 

FFH 

0038H 

17E5H 

inT 

N/A 

0038H 

17E5H 

RSTA 

N/A 

003CH 

17E8H 

RSTB 

N/A 

0034H 

17EBH 

RSTC 

N/A 

0p2CH 

17EEH 

NMl 

N/A 

0066H 

17F4H 


< 


< 


lEA 

lEB 

lEC 

lEI 


DON’T CARE 


•INT MASK 
■ RSTC MASK 

• rsTb mask 

• RSTA MASK 


0 = disable 

1 =enable 


Note: When an Interrupt occurs, the Interrupt control 
register is cleared to 00. The register can be reset 
to the previous condition either by re-writing the data 
to I/O port OBBH or by executing a Reset to Interrupt 
Mask Set (RETH) instruction. 
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Functional Pin Description (Continued) 


Clock (CLK): This output provides the system clock. Its 
frequency is one-half the oscillator’s frequency. The CLK 
is TRI-STATE during bus request cycles. 

Reset Out (RESET): Active high. Provides system reset for 
devices interfacing with the CPU module. When active, it 
indicates the CPU is being reset, as well as the on-board 
I/O ports. 

Interrupt Acknowledge (INTA): Active low. CPU’s hand- 
shaking response to ackno wledg e an interrupt that oc- 
curred on the INT input. The INTA output activates during 
the M cycle following the last instruction M cycle. Typi- 
cally, INT gates the interrupt response vector from the 
peripheral controller onto the data/address lines. 

Status (SO, S1): These outputs indicate the current CPU. 
status. 

Input-Output/Memory (lO/M): Shows whether the current 
M cycle is performing an I/O or memory operation. An 
active high indicates the CPU is interfacing with an input- 
output device. An active low signifies the CPU is interfac- 
ing with memory. This line is TRI-STATE during reset and 
bus request cycles. 

Address Latch Enable (ALE): Active high. ALE is active 
only during the T1 state of M cycles and T3 state of M1 
cycles. The high to low transition of ALE indicates that a 
valid memory/l-O/refresh address is available on the 
AD(0-7) lines. 

Bus Acknowledge (BACK): Active l ow. A C PU handshake 
response to acknowledge that a BREQ has occurred. 
When active, the address, data bus and other control 
signals have been TRI-STATE, thus relinquishing control 
of the system bus to the requesting device. 

POWER/MISCELLANEOUS SIGNALS 

5 Volts (Vcc): This input supplies the power (5V) for the en- 
tire MA2XXX family. 

Ground (5V) [GND (5V)l: Ground return for the 5V power 
supply. 

12 Volts (12V): This input supplies 12V for the MA2XXX 
family. Not required by the MA2800 CPU module. 

-12 Volts (-12V): This input supplies -12V for the 
MA2XXX family. Not required by the MA2800 CPU module. 

Ground (12V) [GND (12V)]: Ground return for the 12V and 
- 12V power supplies. This ground is isolated from GND 
(5V). Not required by the MA2800 CPU module. 

Battery (BATT): Battery source for external memory 
modules. Not required by the MA2800 CPU module. 

Memory Power Fail (MPF): Active low. Deselects external 
devices upon power fail. Not used in MA2800 CPU module. 


Refresh (RFSH): Active low. Indic ates th e CPU is perform- 
ing a dynamic RAM refresh cycle. RFSH is active only dur- 
ing an opcode fetch cycle. The refresh cycle is transparent 
to the user. 

Port A (PA0-PA7): Parallel I/O port. Port A provides both 
basic (non-strobed) and strobed (handshake) modes of op- 
eration. In the strobed modes of operation, 3 bits of port C 
provide the handshaking signals. 


Port B (PB0-PB5): Parallel I/O port, with serial capability 
via the monitor program. Port B provides 6 bits (maximum) 
of basic I/O operation. The monitor program uses bits 
4 (out) and 5 (in) of port B for serial interfacing. 

Oscillator Input (OSC IN): Oscillator input for the MA2800 
system clock. On special request, the internal 5 MHz 
oscillator is omitted, allowing a user to run at other fre- 
quencies via OSC IN (not ordinarily connected within the 
MA2800 CPU module). 

Port C (PC0-PC5): Port C not only provides 6 bits of basic 
I/O operation; but, each pin performs a second function as 
follows: 

PCO/INTR: INTR is an active low strobed mode inter- 
rupt to the CPU. 

PC1/BF: BF is an active high output to peripheral 
devices indicating buffer full. 

PC2/STB: STB is an active low strobe input from 
peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1 IN: T1 IN is the clock input for timer 1. 

PC5/T1 OUT: T1 OUT is the programmable output of 
timer 1. 

PC6/T0 OUT: TO OUT is the programmable output of 
timer 0. 

PC7/T0 IN: TO IN is the clock input for timer 0. 

Clock (CLK): CLK is the clock output of the NSC800. It is 
an unbuffered clock signal. This signal runs at one-half the 
frequency of the on-board oscillator (2.5 MHz output). 

Ground (GND): Signal ground for the I/O signals. 


JUMPERS 

El: Hardware option of jumpering SO WAVE to RSTC. In- 
ternally, the MA2800 creates SO WAVE by routing the 
oscillator’s output through 20 cascaded, serial flip-flops. 
Thus, a 5.0 MHz input creates a 2 Hz SO W AVE s ignal. 
When El is shorted, SO WAVE is wired to the RSTC inter- 
rupt li ne. When open, SO WAVE is not connected to the 
RSTC interrupt line and is therefore inaccessible to the 
user. 

E2: Hardware option of jumpe ring p ort C, bit 0 to RSTA. 
When shorted, PCO is wir ed to RSTA. When open, PCO is 
disconnected from RSTA. 

E3: Hardware option of jumpe ring p ort C, bit 0 to RSTB. 
When shorted, PCO is wir ed to RSTB. When open, PCO is 
disconnected from RSTB. 

E4: Hardware option of selecting between internal and 
external memory maps. When open, the MA2800 CPU 
module will power-up and remain in the external memory 
map. Software manipulation cannot cause the system to 
access the internal memory map. When shorted, the CPU 
module accesses the internal memory map during power- 
up. User may now switch between the internal and exter- 
nal memory map by programming bit 7 of port B to zero or 
one, respectively. Note that PB7 is not an output on the I/O 
connector and is only accessible via software. 
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MA2800 


System Description 

GENERAL 


This data sheet is intended to be used in conjunction 
with the National Semiconductor NSC800 Microproc- 
essor Famiiy Handbook. Further information on how to 
use the on-board NSC800 and NSC810 and how to pro- 
gram the NSC800 can be found in this handbook. Figure 1 
provides a block diagram illustrating the internal circuitry 
of the MA2800. Subsequent descriptions detail informa- 
tion unique to the MA2800. 

INITIALIZATION 

To ensure proper power-up conditions, the foliowing 
power-up and initialization procedure is recommended. 
See Figure 2 for recommended power-on reset circuitry. 

1. Apply power (Vcc and GND) and set PBRESET active 
(low). Allow sufficient time (approximately 100 ms if 
crystal is used) for the oscillator and internal clocks to 
stabilize. PBRESET must remain low for at least 3T-states 
(CLK). Following the clock stabilization period, RESET 
OUT responds by going high, indicating that the MA2800 
has been reset. RESET OUT becomes available, to reset 
the peripherals. 

2. Set and maintain PBRESET high. (PBRESET does not 
have an internal pull-up resistor.) RESET OUT will go low 
and the CPU will initiate the first opcode fetch cycle. 

I/O SPACE 

The CPU module can address up to 256 I/O devices. Ad- 
dresses OOH through 1 FH are reserved for the on-board 

Block Diagram 


NSC810. Addresses 20H through 27H are reserved for a 
serial interface module (e.g., MA2232). Location BBH is 
reserved by the CPU for the interrupt control register, so, 
special precautions should be taken using this location. 
All other locations are uncommitted and available for the 
user’s I/O devices. 

INTERNAL MEMORY MAP 

The internal memory map is 16k bytes (i.e., from OOOOH to 
3FFFH). The first 4k (OOOOH to OFFFH) of internal memory 
space contains the monitor program. The next 2k (1000H 
to 17FFH) contains RAM. The monitor program uses this 
RAM (from 1700H to 17FFH) as a scratchpad. Most of the 
space in this RAM is user available (i.e., from 1000H to 
16FFH). The next 2k (1800H to 1 FFFH) is not accessibie to 
the user or system, it is a 2k hole. The last 8k (2000H to 
3FFFH) is available for the user to plug 8k of his memory 
into the system. This ailows the user to run an 8k program 
in a minimum system configuration. 

When in the internal memory map and an address at 
4000H or above occurs, the CPU automatically addresses 
external memory space. The CPU automatically returns to 
the internal memory map when the address is less than 
4000H. The internal memory map automatically defaults 
to the external memory map whenever the address is 
above 4000H; thus, the user can add another 48k of 
memory. Therefore, the user can actually have 56k of 
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System Description (Continued) 

memory space available. For applicable control signals, 
see Table III. 


TABLE III 


Memory 

Control Signals 

Address 

Map 

E4 

PB7 

INH 

Space 

Internal 

Shorted 

Zero 

Low 

0000H-3FFFH 

External 

Shorted 

One 

High 

OOOOH-FFFFH 

Open 

Don’t Care 


EXTERNAL MEMORY MAP 

The external memory map is a full 64k bytes (i.e., from 
OOOOH to FFFFH). When in the external memory map, the 
resident monitor program and 2k scratchpad RAM cannot 
be accessed because the external memory map shadows 
the internal memory map. The external memory map is ac- 
cessed through software or hardware. Software selection 
of the external memory map requires shorting jumper E4 
and outputting a one on bit 7 of port B. Hardware selection 
of the external memory map requires jumper E4 to be left 
open. Note how the external memory map is accessed by 
the internal memory map, since the top 48k of memory 
space is common to the internal and external memory 
maps. For applicable control signals, see Table III. 

MONITOR PROGRAM 

The MA2800 contains a software monitor program; its 
commands ease control of ports, memory and peripher- 


als. Upon power-up, the monitor program checks if a 
MA2232 Serial Interface Macrocomponent is at I/O ad- 
dress 20H through 27H. If present, the MA2800 prefers it 
for serial interfacing. If not present or chosen, the monitor 
program utilizes port B, bits 4 and 5, for serial interfacing. 
The monitor program automatically adjusts to the baud 
rate of the serial interface, if less than or equal to a 9600 
baud rate. 

When not using a MA2232 or equivalent, interfacing the 
MA2800 to a RS232 port requires connecting I/O connec- 
tor pins 12, 13 and 26 (PB4, PBS and GND) to RS232 port 
pins 2, 3 and 7, (transmitted data, received data and signal 
ground), respectively. Also, connect a 5V zener diode be- 
tween RS232 port pins 2 and 7, cathode on pin 2. 

The monitor program is brought on-line by hitting the 
period (.) key until the following message displays: 
“MA2800 Monitor Rev. (date)”. (Be sure E4 is shorted.) 
After this message and prompt appear, the monitor pro- 
gram is accessible. After a reset, bring the monitor pro- 
gram back on-line by the above procedure. 

All commands in the MA2800 monitor consist of a single 
character followed by possibly optional arguments 
separated by either commas or spaces. In all cases, the 
value used is the last two hex digits typed for 1 byte 
arguments and the last 4 characters typed for 2 byte 
parameters. All commands terminate with a carriage 
return except as noted. All commands and data can be 
typed in either upper or lower case, but will be echoed in 
upper case. 


Command 

Example 

A 

Disable Interrupts 

A 

B 

Enable Interrupts 

B 

C 

Change 16 bit immediate 

Cssss,wwww 

D 

Display Memory 

Dssss,ffff 

E 

Display Registers 

E OR Err retn 

F 

Find word in memory 

Fwwww,ssss,ffff 

G 

Go <with breakpoints > 

Gssss < ,bbbb < ,cccc>> 

H 

Add and subtract Hex 

Haa,bb 

1: 

Input from port 

ipp.qq 

L: 

Output data to serial 

Lpp,ssss,ffff 

M 

Move memory 

Mssss,ffff,dddd 

N 

Single Step 

N 

0 

Output to port 

Opp,dd 

P 

Put ASCII to memory 

Pssss retn (ascii text) D to terminate 

R 

Read hex format data 

R OR Rssss 

S 

Substitute memory 

S OR Sssss SPACE. Terminate with illegal character 

T 

Memory Test 

Tssss,ffff 

U 

User define function 

U must set up loc 17F2 with address before using , 

V 

Verify memory 

Vssss,ffff,dddd No message means successful verify 

W: Write hex format data 

Wssss,ffff 

X 

Display Registers 

X OR Xrr retn 

Y 

32 byte memory Search 

Yaa,bb,cc,... search all 65k of memory and display starting addr of any 



occurrences of the byte sequence 

Z. 

Set MA2232 Baud rate 

Zpp,rrrr 

?: 

List commands 

? 

•’^F: Fill memory 

^ Fbb,ssss,ffff 


JorCR: Display last loc. 

This is the default memory location used by the Substitute command 

^ R: Transfer to RAM 

displays the message ‘RUNNING IN RAM’ on terminal, then branches to 



loc 0 and waits for auto baud character 

A 

p: Printer toggle 

ON/OFF control of serial printer using MA2232 at port 28h defaults to 



9600 baud. 
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System Description (Continued) 

In the previous table examples, the uppercase letter represents the command character and the lowercase designators 
are as follows: 


aa 

two hex digits 

ffff 

end of memory range 

bb 

two hex digits 

PP 

port number (start) 

bbbb 

breakpoint 1 address 

qq 

, ending port number 

cc 

two hex digits 

rr 

register name 

cccc 

breakpoint 2 address 

rrrr 

baud rate 

dd 

two hex digits 

ssss 

start of memory range 

dddd 

destination address 

wwww 

two byte word (hi byte first) 


Physicai Dimensions inches (millimeters) 



0.250 

(6.350) 

ODD' 
PIN NOS. 
EVEN 




♦ 

0.260 

0,450 

L (11.43) 



1 1 1 



yil^s 

\ t_ 0.140 
(3.556 


Order Number MA2800 
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Semiconductor 


MM82PC08 

8-Bit Bidirectional Transceiver 

General Description I 

The MM82PC08 is an 8-bit TRI-STATE® high-performance, 
low-power microCMOS transceiver. It provides bidirectional 
drive for bus-oriented microprocessor and digital communi- 
cations systems. Straight through bidirectional transceivers 
are featured. 

One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver: Transmit 
specifies data flow from Port A to Port B; Receive specifies 
data flow from Port B to Port A. The Chip Disable input dis- 
ables both ports by placing them in the high impedance 
state. 

The MM82PC08 may be utilized in completing NSC800 
high-performance, low-power designs. For military applica- 
tions, the MM82PC08 is available with class B screening in 
accordance with Method 5004 of MIL-STD-883. 


microCMOS 


Features 

■ microCMOS technology 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface with 
bus-oriented systems 

■ Full interface to CMOS logic levels 

■ Pinouts simplify system interconnections 

■ Transmit/receive and chip disable simplify control logic 

■ Compact 20-pin dual-in-line package 

■ Compact 28-pin leaded chip carrier 
S Low power 

■ Both ports have 150 pF load drive capability 

■ TTL drive capability 
When Vcc = 5V 
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MM82PC08 


Absolute Maximum Ratings 

Storage Temperature Range -65°C to 150®C 

Voltage at Any Pin with 

Respect to Ground -0.3V to Vcc + 0.3V 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation SOOmW 

Maximum Vcc 7V 

Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. Continuous operation at these limits is 
not intended; operation should be limited to those conditions specified under 
DC Electrical Characteristics, 


Operating Range Vcc=5v±io% 


Ambient Temperature 
Military 
Industrial 
Commercial 


-55°C to 125°C 
-40° C to +85°C 
0°C to +70°C 


DC Electrical Characteristics Ta=-55°c to +i 25 °c, Vcc+5v±io%, gnd=ov, unless otherwise specified 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


0.7 Vcc 


< 

O 

o 

V 

V|L 

Input Low Voltage 


0 


0.2 Vcc 

V 

Vqh 

Output High Voltage 


2.4 



V 

Vql 

Output Low Voltage 

< 

> _o 

o 'L 
o ± 

> > 



0.4 

V 


Input High Current 

Vcc = 5.5V. V,N = 5.5V 



10 



Input Low current 

Vcc = 5.5V. V,N = 0V 



-10 

liA 


Output High Current 

Vcc = 4.5V, VouT = 2.4V, 
V,h = 4.5V 

-2.0 



mA 

^5 

Output Low Current 

Vcc = 5.5V. VouT = 0.4V, 

V,L = 0V 

2.0 



mA 

Ice 

Power Supply Current 

Vcc = 5.5V. V|H = 5.5V, 

V|L = 0V 



400 


Iqzl 

TRI-STATE Low Leakage Current 

Vcc = 5.5V. VouT = 0V 



-10 


Iqzh 

TRI-STATE High Leakage Current 

Vcc = 4.5V. VouT = 4.5V 



-1-10 

liA 
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AC Electrical Characteristics TA=-55°cto +i25°c, Vcc=5v±io%, gnd=ov, Cl=i50pf 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

100 pF 

Max 

100 pF 

Units 

tOLH 

Propagation Delay to Logical "I” 
from Port A, B to Port B, A 

See Figure 1 


50 

70 

ns 

Idhl 

Propagation Delay to Logical "O” 
from Port A, B to Port B, A 

See Figure 1 


50 

70 

ns 

1 

tzHTR 

Propagation Delay from High 

Impedance to Logical “1” from 

T/R to Port 

See Figure 2 


55 

100 

ns 

IZLTR 

Propagation Delay from High 

Impedance to Logical “0” from 

T/R to Port 

See Figure 2 


65 

100 

ns 

^HZTR 

Propagation Delay from Logical "1” to 
High Impedance from T/R to Port 

See Figure 2 


50 

100 

ns 

"'lztr 

Propagation Delay from Logical "0” to 
High Impedance from T/R to Port 

See Figure 2 


55 

100 

ns 

‘ZH 

Propagation Delay from High 

Impedance to Logical “1” from 

CD to Port 

See Figure 3 


50 

100 

ns 

tzL 

Propagation Delay from High 

Impedance to Logical “0” from 

CD to Port 

See Figure 3 


65 

100 

ns 

tHZ 

Propagation Delay from Logical “1” to 
High Impedance from CD to Port 

See Figure 3 


50 

100 

ns 

tiz 

Propagation Delay from Logical "0” to 
High Impedance from CD to Port 

See Figure 3 


55 

100 

ns 
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MM82PC08 



Ir = If < 20 ns 
10«/o TO 90»/o 

TL/C/5595-3 


FIGURE 1. Propagation Delay from Input Port to Output Port 



FIGURE 2. Propagation Delay from T/R to Ports 



t > 

^0% 



»HZ ^ 


IZH 





^ 70% 



1 

\ 

r- 30% 

— ►! 

I 

— tiz — ► 


tzL 


TL/C/5595-5 


FIGURE 3. Propagation Delay from CD to Ports 
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Functional Pin Descriptions 


INPUT SIGNALS 

Chip Disable (CD): When CD is high, Port A and Port B are 
disabled. A low on CD ajlows data to be transmitted in the 
direction specified by T/R. 

Transmit/Receive (T/R): When T/R is high, Port A is desig- 
na^d as "IN” and Port B is designated as "OUT.” When 
T/R is low, the flow is reversed so that the Port B is "IN” and 
Port A is "OUT.” 


INPUT/OUTPUT SIGNALS 

Port A (A0-A7): Port A is an 8-bit bidirectional port with 
TRI-STATE outputs for bus-oriented microprocessor and 
digital communications systems. 

Port B (B0-B7): Port B is identical to Port A including drive 
capability. 


Logic Diagram 



PORT B 


TRANSMIT/RECEIVE 

(T/R) 


TL;C/5595-6 


FIGURE 4 


Truth Table 


Inputs 

Resulting 

Conditions 

Chip Disable 

Transmit/Receive 

Port A 

Port B 

0 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

X 

High Z 

High Z 


X = don’t care 


Reliability Information 

Gate Count 70 
Transistor Count 174 


Connection Diagrams 

V Package 


NC A2 Ai Afl VccBo NC 



NC = No Connect 

Plastic Dual In-Line Package (N) 
NS Package Number N20A 


28-Lead Plastic Chip Carrier (V) 
NS Package Number V28 

Ceramic Dual In-Line Package (J) 
NS Package Number J20A 


Dual In-Line Package 
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MM82PC08 


Ordering Information 


IVIM82PC08XXX 

I /A+ = A+ Reliability Screening 

. I /883 = MIL-STD-883B. Screening (Note 1) 

I = Industrial Temperature (-40°C to :f85°C) 

M = Military Temperature (-55®C to +125°C) 

No Designation = Commerciai Temperature (0°C to + 70°C) 

N = Plastic Package 
J = Cerdip Package 

V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Note 1; Do not specify a temperature option; all parts are screened to military temperature. 
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MM82PC12 8-Bit Input/Output Port 


General Description 

The MM82PC12 is a microCMOS^^ 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
MM82PC12 can be used to implement latches, gated 
buffers, or multiplexers. Thus, all of the major peripheral 
and input/output functions of a microcomputer system can 
be implemented with this device. 

The MM82PC12 includes an 8-bit latch with TRI- 
STATE® output buffers, and device selection and control 
logic. Also included is a service request flip-flop for the gen- 
eration and control of interrupts to the microprocessor. 

The MM82PC12 is pinout and function compatible with 
standard INS8212 and DP8212 devices. 


Features 

■ Drive capability — 150 pF load 

■ High noise immunity 

■ Low power dissipation 

■ Full interface to CMOS logic levels 

■ microCMOS technology 

■ TTL drive capability when Vqc = 5V 

■ 8-bit data latch and buffer 

■ Service request flip-flop for generation and control of 
interrupts 

■ 1 input load current 

H Reduces system package count by replacing buffers, 
latches, and multiplexers in microcomputer systems 


For military applications, the MM82PC12 is available with 
class B screening in accordance with method 5004 of MIL- 
STD-883. 











MM82PC12 


Absolute Maximum Ratings 


Operating Range Vcc = sv ± io% 


Storage Temperature Range -65°C to + 150°C 

Voltage at Any Pin With 

Respect to Ground -0.3V to Vcc + 0-3V 

Lead Temperature,(Soldering, 10 seconds) 300°C 

Power Dissipation 500 mW 

Maximum Vcc 7V 

Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. Continuous operation at these limits is 
not intended; operation should be limited to those conditions specified under 
DC Electrical Characteristics. 


Ambient Temperature 
Military 
Industrial 
Commercial 


-55°C to + 125®C 
-40°C to +85°C 
0°C to +70°C 


DC Electrical Characteristics Xa = -55°Cto +125°C, Vcc = 5V±10%, GND = 0V, unless otherwise specified 


Symbol 

1 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


0.7 Vcc 


Vcc 

V 

V|L 

Input Low Voltage 


0 


0.2 Vcc 

V 

Vqh 

Output High Voltage 

Vcc = 4.5V, V|H = 4.5V. Iqh = -2 mA 

2.4 

B 


V 

Vql 

Output Low Voltage 

Vcc = 5.5V, V|L = OV. V|H = 5.5V, Iql = 2 mA 



0.4 

V 

l|H 

Input High Current 

Vcc = 5.5V, V|N = 5.5V 



10 

mA 

l|L 

Input Low Current 

Vcc = 5.5V, V,N = OV 



-10 

fiA 

Iqh 

Output High Current 

Vcc = 4.5V, VouT = 2.4V. V|H = 4.5V 

-2.0 



mA 

lOL 

Output Low Current 

Vcc = 5.5V, Vqut = 0.4V, V|L = OV 

2.0 



mA 

Ice 

Power Supply Current 

Vcc = 5.5V, V|H = 5.5V, V|L = OV 



400 

nA 

bzL 

TRI-STATE Low Leakage 
Current 

Vcc = 5.5V, Vqut = OV 


■ 

-10 

fiA 

bzH 

TRI-STATE High Leakage 
Current 

Vcc = 4!5V. Vqut = 4.5V 


■ 

10 

fiA 


AC Electrical Characteristics XA = -55°Cto +125°C, Vcc = 5V + 10 %, GND = 0 V, unless otherwise specified 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

tpw 

Pulse Width(STB, DS1*DS2, CLR) 



25 

40 

ns 

fpD 

Data In to Data Out 



45 

60 

ns 

fwE 

Write Enable to Data Out 



55 

75 

ns 

*SET 

Data Setup Time 


15 



ns 

tH 

Data Hold Time 


20 



ns 

fR 

Reset to Data Out 



50 

65 

ns 

b 

Select to Interrupt 



50 

65 

ns 

b 

Clear to Data Out 



45 

60 

ns 

bo 

Output Enable/Disable Time 



50 

65 

ns 
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MM82PC12 


Propagation Delays 

Figure 1 illustrates the calculations of a more useful propa- 
gation delay. The figure uses a 5-volt supply with a tolerance 
of +10%, ambient temperature of +25°C, and a load 
capacitance of 100 pF. The AC Characteristics table depicts 
tpD, at 5 volts, 25‘’C, equalling 25 ns. Use the graph in Fig- 
ure 1 to get the degradation multiple for 150 pF. The number 
shown is 1.09. The adjusted propagation delay is, therefore 
25 X 1.09 or 27 ns. 



TUC/5596-7 

’Including jig and probe capacitance. 

Output Test Circuit 
for Propagation Deiays 


Functional Pin Descriptions 

The following describes the function of all the MM82PC12 
input/output pins. Some of these descriptions reference 
internal circuits. 

INPUT SIGNALS 

Device Select (DSi, DS2); When DS, is low and DS2 is 
high, the device is selected. The output buffers are enabled 
and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MD): When MD is high (output mode), the output 
buffers are enabled and the source of the data latch clock 
input is the device selection logic (DSi • DS2). When MD is 
low (input mode), the state of the output buffers is deter- 
mined by the device selection logic (DSi • DS2) and the 
source of the data latch clock input is the strobe (STB) input. 

Strobe (STB): STB is used as the data latch clock input 
when the mode (MD) input is low (input mode). STB is also 
used to synchronously set the service request flip-flop, 
which is negative edge triggered. 

Data In (DI1-DI3): Data In is the 8-bit data input to the data 
latch, which consists of eight D-type flip-flops incorporating 
a level sensitive clock. While the data latch clock input is 
high, the Q output of each flip-flop follows the data input. 
When the clock in put r eturns low, the data latch stores the 
data input. Clear (CLR) is only effective when the clock is 
low (latch in the latched state). 




0.8 1.0 1.2 14 1.6 

IPD 

IPD (IDO pF) 

TUC/5596.9 

FIGURE 1. Normalized Typical Propagation Delay vs. 
Load Capacitance 


Clear (CLR): When CLR is low, the data latch is reset 
(cleared) if the clock is also low. The clock i nput high over- 
rides the clear (CLR) input data latch reset. CLR being low 
also resets the service request flip-flop. The service request 
flip-flop is in the non-interrupting state when reset. 

OUTPUT SIGNALS 

Interrupt (INT): The interrupt pin goes low (interrupting 
state) when either the service request flip-flop is synchro- 
nously set by the strobe (STB) input or the device is 
selected. 

Data Out (DO^i-DOs): Data Out is the 8-bit data output of 
data buffers, which are TRI-STATE, non-inverting stages. 
These buffers have a common control line that either 
enables the buffers to transmit the data from the data latch 
outputs or disables the buffers by placing them in the high- 
impedance state. 


Reliability Information 

Gate Count 108 
Transistor Count 248 
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Connection Diagrams 



Plastic Dual In-Line Package (N) 
NS Package Number N24A 

28-Lead Plastic Chip Carrier (V) 
NS Package Number V28 

Ceramic Dual In-Line Package (J) 
NS Package Number J24A 


MO NC . TRY 
Oil Vcc I 




a 

3 2 1 28 27 

25 

E3 

6 


24 

I— i-i “ 

7 


23 
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Logic Table A 


Logic Diagram 
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Logic Table B 
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DS^ * DS2 

STB 

Q* 
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0 
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0 
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1 

1 
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T. 

1 

0 

1 

r RESET 

0 ■ 

0 

0 

1 

0 

0 

0 
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‘Internal Service Request flip-flop. 


Note: CLR “L resets data latch to the output low state. The 
data latch clock Is level sensitive, a low level clock latches the 
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Applications in Microcomputer Systems 


Vcc 




STB 


MM82PC12 

CLR 


DS^ 

MO DS2 


GATING 

CONTROL 




OUTPUT 

DATA 


DATA BUS 
CONTROL 
(0 = L— R) _J 
(1 = R— l' 


Gated Buffer 
(TRI-STATE) 



Bidirectional Bus Driver 

Vcc 


INPUT STROBE 
(FROM INPUT 
DEVICE) 


SYSTEM INPUT 


SYSTEM RESET 


PORT 

SELECTION 



STB 


MM82PC12 

CLR 

M 

DSi 

MO OS 2 
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Interrupting Input Port 


Interrupt Instruction Port 


SYSTEM 

INTERRUPT 


STB 

1 

MM82PC12 



INT 

CLH 

DS 2 MD 

USi 


u 


OUTPUT STROBE 
(HAND-SHAKING SIGNAL 
FROM OUTPUT DEVICE) 
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Ordering Information 

MM82PC12XXX 


I |/A+ = A+ Reliability Screening 

I/883 = MIL-STD-883B Screening (Note 1) 

I = Industrial Temperature (-40®C to +85°C) 

M = Military Temperature (-55®C to +125°C) 

No Designation = Commercial Temperature (0°C to +70“C) 

N = Plastic Package 
J = Cerdip Package 

V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 
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NSC800 


National 

Semiconductor 


NSC800™ High-Performance Low-Power Microprocessor 

General Description 

The NSC800 is an 8-bit microprocessor that functions as the 
centrai processing unit (CPU) in Nationai Semiconductor’s 
•NSC800 microcomputer famiiy. The device is fabricated 
using Nationai’smicroCMOStechnoiogy. This technology 
provides the system designer with devices equaling the 
performance levels of comparable NMOS products, com- 
bined with the low-power advantages of CMOS. Many 
system functions are incorporated on the device, such as: 
vectored priority interrupts, refresh control, power-save 
feature and interrupt acknowledge. The NSC800 is housed 
in dual-in-line and chip carrier packages. 

Dedicated peripherals(NSC810A RAM l/OTimer,NSC831 I/O 
and NSC858 UART) have on-chip logic for direct interface 
to the NSC800. In addition, National also offers a full line 
of CMOS components to allow a full low-power solution to 
system designs. 

For military applications, the NSC800 is available with 
class B screening in accordance with Method 5004 of 
MIL-STD-883. 


CPU Functional Block Diagram 



(33) (37) 


Features 

■ Variable power supply 2.4\/- 6.0V 

■ Fully compatible with Z80 instruction set 

■ Powerful set of 158 instructions 

■ 10 addressing modes 

■ 22 internal registers 

■ Low power: 50 mW at 5V Vcc 

■ Multiplexed bus structure 

■ On-chip bus controller and clock generator 

■ On-chip 8-bit dynamic RAM refresh circuitry 

■ Speed: 1.0 /is instruction cycle at 4.0 MHz 

NSC800-4 4.0 MHz 
NSC800 2.5 MHz 
NSC800-1 1.0 MHz 

■ Capable of addressing 64k bytes of memory and 256 I/O 
devices 

■ Five interrupt request lines on-chip 

■ Schmitt trigger input on reset 

■ Unique standby-current (power-save) feature 




microCMOS 
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Absolute Maximum Ratings (Note i) 

Storage Temperature -65°Cto + 150°C 

Voltage on Any Pin 

with Respect to Ground - 0.3V to Vcc + 0.3V 

Maximum Vcc 7V 

Power Dissipation 1W 

LeadTemperature(Soldering, lOseconds) 300°C 


Operating Conditions vcc=5v ±10% 


Ambient Temperature 
Military 
Industrial 
Commercial 


-55°Cto +125‘’C 
-40°Cto +85°C 
O'Cto +70°C 


DC Electrical Characteristics Ta= -ss-cto + i25‘’c, vcc=5v± 10 %, gnd=ov, unless otherwise specified. 


Vcc = 5V 


ouT= - 1-0 mA 


OUT= - lO^A 


Iol = 2 mA 


l0UT= 10 /lA 


0< V|N<Vcc 


0< V|M< Vcc 


louT = 0. f(xiN) = 5 MHz 


OUT = 0. f(xiN) = 8 MHz 


f(xiN) = 0MHz 


f(xiN) = 5.0MHz 


Min 


0.7 Vcc 


0 


0.25 


2. 


Vcc -0.5 


0 


0 


- 10.0 


- 10.0 


Conditions 


Symboi Parameter 


V|H Logical 1 Input Voltage 


V|L Logical 0 Input Voltage 


Vhy Hysteresis at RESET IN input 


Vqhi Logical 1 Output Voltage 


Voh 2 Logical 1 Output Voltage 


VoLi Logical 0 Output Voltage 


VoL2 Logical 0 Output Voltage 


IL Input Leakage Current 


OL Output Leakage Current 


CCA Active Supply Current 


CCA Active Supply Current 


Icc'Q Quiescent Current 


CPS Power-Save Current 


C||M Input Capacitance 


Cqut Output Capacitance 


Vcc ' Power Supply Voltage 


Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under DC Electrical Characteristics. 

Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V ± 10% are 
forthcoming. 

Preliminary (not tested) 


' Max CPU Speed* 


@2.4V 

@3.0V 


* Speed of CPU is expressed in clock speed, not crystal speed. 

, Ice VS System Speed 





NSC800 

NSC800-4 

Units 

500 

1 

500 

1 

kHz 

MHz 



0 0.5 1 1.5 2 2.5 3 3,5 4 4.5 
FREQUENCY AT CLOCK (MHz) 

TL/C/5171-2 
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AC Electrical Characteristics Vcc=5v±io%,gnd=ov 

(Valid for the following temperature & speed) 

NSC800-1-TA = 0‘’Cto70'’C NSC800-4-TA = 0‘’Cto 70“C 

Ta = - 40'’C to + 85‘’C Ta = - 40‘’C to + 85‘’C 

NSC800 -Ta = O'C to 70'’C Ta = - to + 125°C 

Ta= -40°Cto +85'’C 
Ta= -SS'C to +125-C 


Symbol 

Parameter 

NSC800-1 

NSC800 

NSC800-4 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

tx 

Period at XI N and XOUT 

Pins 

500 

31250 

200 

31250 

125 

31250 

ns 


T 

Period at Clock Output 
( = 2tx) 

1000 

62500 

400 

62500 

250 

62500 

ns 


tR 

Clock Rise Time 


110 


110 


75 

ns 

Measured from lOVo-OO^/o of 
signal 

tp 

Clock Fall Time 


60 


60 


40 

ns 

Measured from 10%-90% of 
signal 

tL 

Clock Low Time 

490 


190 


95 


ns 

50% duty cycle, square wave 
input on XIN 

tH 

Clock High Time 

450 


150 


80 


ns 

50% duty cycle, square wave 
input on XIN 

tACC(RD) 

ALE to Valid Data 


1375 


500 


300 

ns 

Add t for each WAIT STATE 

Add t/2 for memory read cycles 

tAFR 

AD(0-7) Float after 

RD Falling 


0 


0 


0 

ns 


tsABE 

BACK Rising to Bus 

Enable 


1000 


400 


250 

ns 


tBABF 

BACK Falling to Bus Float 


50 


50 


50 

ns 


tBACL 

BACK Falling to CLK 

Falling 

425 


125 


55 


ns 


tBRH 

BREQ Hold Time 

0 


0 


0 


ns 


fBRS 

BREQ Set-Up Time 

100 


50 


35 


ns 


tCAF 

Clock Falling to ALE 

Falling 

0 

. 30 

0 

30 

0 

35 

ns 


tCAR 

Clock Rising to ALE 

Rising 

0 

100 

0 

100 

0 

75 

ns 


fOAl 

ALE Falling to INTA 

Falling 

530 


230 


100 


ns 


fOAR ' 

ALE Falling to RD Falling 

525 

575 

225 

250 

125 

160 

ns 


tOAW 

ALE Falling to WR Falling 

990 

1010 

390 

410 

220 

250 

ns 


fD(BACK)1 

ALE Falling to BACK 

Falling 

2500 


1000 


600 


ns 

Add t for each WAIT state 

Add t for opcode fetch cycles 

fD(BACK)2 

BREQ Rising to BACK 

Rising 

500 

1600 

200 

700 

125 

475 

ns 


tcxD 

ALE Falling to InTR, NW, 
RSTA-C, PS, BREQ, Inputs 
Valid 

■ 

1375 

■ 

475 

■ 

250 

ns 

Add t for each WAIT state 

Add t for opcode fetch cycles 

foPA 

Rising PS to Falling ALE 

500 

1550 

200 

650 

125 

475 

ns 

See Figure 12 also 

tD(RFSH) 

Falling ALE to Falling 

RFSH 

1500 


600 


325 

■ 

ns 

Add t for each WAIT state 

tcXWAII) 

ALE Falling to WAIT Input 
Valid 

■ 

550 

■ 

250 

■ 

125 

ns 
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AC Electrical Characteristics (continued) Vcc=5v±io%,gnd=ov 

(Valid for the following temperature & speed) 

NSC800-1 -Ta = 0°C to 70°C NSC800-4-Ta = 0°C to 70°C 

Ta = - 40°C to + 85°C Ta = - 40°C to + 85°C 

NSC800 -TA = 0°Cto70°C Ta= - 55°Cto +125°C 

Ta= -40°C to +85°C 
Ta= -55°Cto +125X 


Symbol 

Parameter 

NSC800-1 

NSC800 

1 NSC8004 

L 

Units 

Notes 

Min 

Max 

Mln 

Max 

Min 

Max 

1 

tH(ADH)1 

A(8-15) Hold Time During 
Opcode Fetch 

0 

1 

■ 

0 

■ 

0 


ns 


tH(ADH)2 

A(8-15) Hold Time During 
Memory or 10, RD and Wr 

400 

■ 

100 

■ 

60 


ns 


tH(ADL) 

AD(0-7) Hold Time 

100 


60 


30 


ns 


tH(WD) 

Write Data Hold Time 

400 


100 


75 


ns 


t|NH 

Interrupt Hold Time 

0 


0 


0 


ns 


t|NS 

Interrupt Set-Up Time 

100 


50 


35 


ns 


Inmi 

Width of NMI Input 

50 


30 


20 


ns 


Irdh 

Data Hold after Read 

0 


0 


0 


ns 


tRFL 

RFSH Rising to ALE 

Rising 


-100 


-100 


-70 

ns 

Negative number means ALE 
occurs first 

tRL(MR) 

RD Rising to ALE Rising 
(Memory Read) 

450 


150 

■ 

85 


ns 


tRL(OP) 

RD Rising to ALE Rising 
(Opcode) 


-75 


-65 


-55 

ns 

Negative number means ALE 
occurs first 

1S(AD) 

AD(0-7) Set-Up Time 

300 


80 


40 


ns 


ts(ALE) 

A(8-15), SO, SI, lO/M 

Set-Up Time 

350 


100 

■ 

50 


ns 


tS(WD) 

Write Data Set-Up Time 

385 


85 


50 


ns 


tw(ALE) 

ALE Width 

430 

■ 

130 

■ 

75 

■ 

ns 


tWH 

Hold Time 

0 


oj 


0 


ns 


tw(l) 

Widthof INTR, RSTA-C, 

PS, BREQ 

500 


200 

■ 

125 


ns 


tw(INTA) 

iNTA Strobe Width 

1000 

■ 

400 

■ 

200 

■ 

ns 

Add two t states for first INTA of 
each interrupt response string 

Add t for each WAIT state 

twL 

WR Rising to ALE Rising 

450 


150 j 


90 


ns 


tw(RD) 

Read Strobe Width During 
Opcode Fetch 

1000 


400 

■ 

225 


ns 

Add t for each WAIT State 

Add t/2 for Memory Read Cycles 

tW(RFSH) 

Refresh Strobe Width 

1925 


725 


400 


ns 


tws 

WAIT Set-Up Time 

100 


50 


35 


ns 


tw(WAIT) 

WAIT Input Width 

550 


250 


175 

1 

ns 


tw(WR) 

Write Strobe Width 

1000 


400 


220 


ns 

Add t for each WAIT state 

txCF 

XIN to Clock Falling 

25 

55 

25 

55 

25 

55 

ns 


txCR 

XIN to Clock Rising 

45 

75 

45 

75 

45 

75 

ns 



Note 1: Test conditions: t = 1000 ns for NSC800-1, 400 ns for NSC800, 250 ns for NSC800-4. 

Note 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used tor other loads: 
150 pF<Ci_<300 pF: +0.25ns/pF 
50pF<CL<150pF: -0.15ns/pF. 

Note 3: To calculate timing specifications at other values of t use Table I. 
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Timing Reference 


Interrupt— Power-Save Cycle 



‘Waveform not drawn to proportion. Use only for specifying test points 


AC Testing Input/Output Waveform 


'0,7 Vcc TEST 0.7 Vcc 
,0.2Vcc POINTS 0.2 Vcc 
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TABLE I. BUS TIMING AS T DEPENDENT (APPROX.) 


Symbol 

1/T<2.5MHz 

2.5MHz<1/T<4.0MHz 


Symbol 

1/T<2.5MHz 

2.5MHz<1/T<4.0MHz 


tL 

(1/2)T-10 

(1/2)T-30 


toiRFSH) 

(3/2 -f N)T 

(3/2-f N)T- 50 

Min 

tH 

(1/2)T-50 

(1/2)T-45 



(1/2)T-f50 

(1/2)T 

Max 

tACC(RD) 

(I-PN)T-HOO 

(1-f N)T-f50 


tH(ADH)2 

fo 

H 

1 

o 

o 

(1/2)T-65 

Min 

tsABE 

T 

T 


tniADU 

(1/2)T-100 

(1/2)T-75 

Min 

Ibacl 

(1/2)T-75 

K5 

H 

1 

o 


tH(WDl 

(1/2)T-100 

(1/2)T-50 

Min 

tOAl 

(1/2)T-f 30 

(1/2)T-25 


fRUMR) 

(1/2)T-50 

(1/2)T-40 

Min 

toAR 

(1/2)T-f 25 

(1/2)T 

1 Min 1 

tS(Am 

(1/2)T-120 

(1/2)T-85 

Min 

toAR 

(1/2)T-<-50 

(1/2)T-f 35 


fS(ALE) 

(1/2)T-100 

(1/2)T-75 

Min 

toAW 

T-10 

T-30 



(1/2)T-115 

(1/2)T-75 

Min 

toAW 

T-f 10 

T 


tw(ALE) 

(1/2)T-70 

(1/2)T-50 

Min 

tD(BACK)1 

(5/2 + N)T 

(5/2-fN)T-25 


tW(INTA) 

(l-l-N)T 

(1-f N)T-50 

Min 

tD(BACk)2 

(1/2)T 

(1/2)T 

m 

twL 

(1/2)T-50 

(1/2)T-35 

Min 

tD(BACK)2 

(3/2)T-H00 

(3/2)T+100 

122^ 


(1 + N)T 

(1-f N)T-25 

Min 

tod) 

(3/2-t-N)T-125 

(3/2-f N)T-125 


fW(RFSH) 

2T-75 

2T-100 

Min 

toPA 

(1/2)T 

{1/2)T 

no 

tW(WR) 

(1 + N)T 

(1-f N)T-30 

Min 

Idpa 

(3/2)T-i-50 

(3/2)T -1-100 

12^3 






Note: N is equal to number of WAIT states. 


Functional Pin Descriptions 

The following describes the function of ail NSC800 Input/ 
output pins. Some of these descriptions reference internal 
circuits. 


INPUT SIGNALS 


Reset Input (RESET IN): Active low. Sets A (8-15) and AD 
(0-7) to TRI-STATE® (high impedance). Clears the contents 
of PC, I and R registers, disables interrupts, and causes a 
reset output to be activated. 

Bus Request (BREQ): Active low. Used w hen another 
device is requesting the system bus. BREQ is recognized 
at the end of ^ current machine cycle, then A(8-15), 
AD(0-7), lO/M, RD, and WR are set to the high i mpeda nce 
mode and the request is acknowledged via the BACK out- 
put signal. 

Non-Maskable Interrupt (NMI): Active low. The non-mask- 
able interrupt, generated by the peripheral device(s), is the 
highest priority interrupt request line. The Interrupt is edge 
sensitive and only a pulse is required to set an internal flip- 
flop whi ch generates the internal interrupt request. Since 
the NMI flip-flop is monitored on the same clock edge as 
the other interrupts, it must also meet the minimum set-up 
time spec for the interrupt to be accepted in the current 
machine instruction. Once the interrupt is accepted the 
flip-flop is reset automatically. Its exe cutio n is inde- 
pendent of the interrupt enable flip-flop. NMI execution 
involves saving the PC on the stack and automatic branch- 
ing to restart address X’0066 in memory. - 

Restart Interrupts A, B, C (RSTA, RSTB, RSTC): Active low 
level sensitive. Restarts generated by the peripherals are 
recognized at the end of the current instruction if their 
respective interrupt enable bits and master enable bit are 


set. Execution is identical to NMI except interrupts are 
enabied for the following restart addresses: 

Name 

FM 

RSTA 
RSTB 
RSTC 

INTR (Model) 

The order of priority is fixed (highest first) as foliows: 


1) NMI 2) RSTA 3) RSTB 4) RSTC 5) INTR 

Interrupt Request (INTR): Active low level sensitive. An in- 
terrupt request input generated by a peripheral device is 
recognized at the end of the current instruction provided 
that the inter rupt enabie and master interrupt enable bits 
are set. INTR is the low est pr iority interrupt request input. 
Under program control, INTR can be execu ted in three dis- 
tinct modes in conjunction with the INTA output. 

Walt (WAIT): Active low. When set low during RD, WR or 
INTA machine cycles, (during the write machine cycle, 
wait must be valid prior to write going active), the CPU ex- 
tends its machine cycle in increrhents of t ( wait) s tates. 
The wait machine cycle continues until the WAIT input 
returns high. 

The wait strobe input v^l a ccept ed only during 
machine cycles that have RD, WR or INTA strobes and dur- 
ing the machine cycle immediately after an interrupt has 
been accepted by the CPU. The later cycle has its RD 
strobe suppressed but it will still accept the wait. 

Power-Save (^): Active low. PS is sampled at the end of 
the current instruction cycle. When PS is low, the CPU 
stops executing at the end of current instruction and 
keeps itself in the low-power mode. Normal operation 
resumes when PS is returned high. 


Restart 
Address (X’) 

0066 

003C 

0034 

002C 

0038 
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Functional Pin Descriptions (Continued) 

OUTPUT SIGNALS 

Bus Acknowledge (BACK): Active low. BACK indicates to 
the bus requesting device that the CPU bus and its control 
signals are in the TRI-STATE mode. The requesting device 
may then take control of the bus and its control signals. 

Address Bits 8-15 IA(8-15)1: Active high. These are the 
most significant 8 bits of the memory address during a 
memory instruction. During an I/O instruction, the port ad- 
dress on the lower 8 bits of address get duplicated onto 
these 8 bits. During a BREQ/BACK cycle, the A (8-15) bus 
is in the TRI-STATE mode. 

Reset Out (RESET OUT): Active high. When RESET OUT is 
high, it indicates the CPU is being reset. The signal is nor- 
mally used to reset the peripheral devices. 

Input/Output/Memory (lO/M): An active high on the lO/M 
output signifies that the current machine cycle is r^ative 
to an input/output device. An active low on the lO/M out- 
put signifies that the current m achine cycle is relative to 
memory. It is TRI-STATE during BREQ/BACK cycles. 

Refresh (RFSH): Active low. The refresh output ind icates 
that the dynamic RAM refresh cycle is in progress. RFSH 
goes low during T3 and T4 states of all Ml cycles. During 
the refresh cycle, AD(0-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 

Address Latch Enable (ALE): ALE is active only during the 
T1 state of any M cycle and also T3 state of M1 cycle. The 
high to low transition of ALE indicates that a valid mem- 
ory/l-O/refresh address is available on the AD(0-7) lines. 

Read Strobe (RD): Active low. On the trailing edge of the 
RD sUobe, data is input to the CPU via the AD(0-7) lines. 
The RD line is in the TRI-STATE mode during BREQ/BACK 
cycles. 

Write Strobe (WR): While the WR line is low, valid data is 
output by the CPU on the A D(0-7) l ines. T he WR line is in 
the TRI-STATE mode during BREQ/BACK cycles. 

Clock (CLK): CLK is an output provided for use as a 
system clock. The CLK output is a square wave at one half 
the input frequency. 

Interrupt Acknowledge (INTA): Active low. The interrupt 
acknowledge output is activated in the M1 cycle (S) im- 
mediately following the t state in which the INTR input is 
recognized. [Output is normally used to gate the interrupt 
response vector from the peripheral controller onto the 
AD(0-7) lines.] It is used in two of the three interrupt 
modes. In modeO , an instruction is gated on to the AD(0-7) 
line during INTA. There will be from 1 to 4 INTA str obes 
issued for each mode 0 interrupt. The amount of INTA 
strobes issued is instruction dependent. In mode 2, a 
single interrup t resp onse vector is gated ont o the data 
bus. In mode 1, INTA is not used. In this mode, INTR func- 
tions like the restart interrupts. 


Status (SO, SI): Bus status outputs indicate encoded in' 
formation regarding the ensuing M cycle as follows: 


Machine Cycle 

Status 

Control 

SO 

SI 

lO/M 

RD 

WR 

Opcode Fetch 

1 

1 

0 

0 

1 

Memory Read 

0 

1 

0 

0 

1 

Memory Write 

1 

0 

0 

1 

0 

I/O Read 

0 

1 

1 

0 

1 

I/O Write 

1 

0 

1 

1 

0 

Halt* 

0 

0 

0 

0 

1 

Internal Operation* 

0 

1 

0 

1 

1 

Acknowledge of Int** 

1 

1 

0 

1 

1 


*ALE is not suppressed In this cycle. 

* ‘This Is t he cyc l e that occurs Immediate ly after the CPU accepts an in- 
terrupt (RSTA, RSTB, RSTC, INTR, NMI). 

Note 1: During halt, CPU continues to do dummy opcode fetch from 
location following the halt instruction with a halt status. This is so 
CPU can continue to do Its dynamic RAM refresh. 

Note 2: No early status Is provided for Interrupt or hardware restarts. 


INPUT/OUTPUT SIGNALS 


Power (Vcc): -f 5V supply. 

Ground (GND): OV reference. 

Crystal (XIN, XOUT): XIN may be used as an external 
clock input. 


Multiplexed Address/Data [AD(0-7)]: Active high 


At RD Time: 

At WR Time: 

At Falling Edge 
of ALE Time: 


During BREQ/ 
BACK Cycle; 


Input data to CPU. 

Output data from CPU. 

Least significant byte of address dur- 
ing memory reference cycle. 8-bit 
port address during I/O reference 
cycle. 

High impedance. 


Input Protection 

All inputs are protected from static charge with diode 
clamps to both Vcc and GND. Normal precautions taken 
with MOS devices are recommended. 


Vcc 



TUC/5171'9 


ioon<R<300n 
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Connection Diagrams 


Dual-ln-Line Package 



TOP VIEW TL/C/5171.,0 

See NS Package D40C, J40A or N40A 


E Package 


V Package 



RESET 

A12 All A10 A9 AB Vcc PS WAIT OUT BREQ 

\\ I 1 I NC I 1 / 



AD4 ADS AD6 AD7 GND NMI RSTA RSTB RSTC INTR 


TOP VIEW TUC/5171-12 

See NS Package V44 
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Timing Control 

All necessary timing signals are provided by a single state 
inverter oscillator contained on the NSC800 chip. The chip 
operation frequency is equal to one half of the frequency 
of this oscillator. The oscillator frequency can be con- 
trolled by one of the following methods; 

1. Leaving theXOUT pin unterminated and driving theXIN 
pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30%-70%, either high or low. 

2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Recom- 
mended crystal is a parallel resonance AT cut crystal. 

Resistor capacitor feedback network described in earlier 
data sheets will not oscillate due to gain of internal in- 
verter circuit. A modification of this circuit by adding two 
inverters in series between the RC network and XIN will 
work. 

The CPU has a minimum clock frequency input (@ XIN) of 
32 kHz, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there Is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the part. You stop it in the phase of the clock 
that has XIN low and CLK OUT high. When restarting the 
CPU, precautions must be taken so that the input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 
drain will be 2 mA. This current drain can be reduced by 


placing the CPU in a wait state during an opcode fetch 
cycle then stopping the clock. 

Functional Description 

The NSC800 is an 8-bit general purpose microprocessor 
designed for stand-alone and DMA (direct memory ac- 
cess) applications. A minimum system can be con- 
structed with an NSC800, an NSC810A (RAM I/O Timer) 
and an NMC27C16 (EPROM). 

NSC800 uses a multiplexed bus for data and addresses. 
The 16-bit address bus is divided into a high-order 8-bit ad- 
dress bus that handles bits 8-15 of the address, and a low- 
order 8-blt multiplexed address/data bus that handles bits 
0-7 of the address and bj^ 0-7 ofthe data. Strobe outputs 
from the NSC800 (ALE, RD and WR) indicate when a valid 
address or data is present on the bus. lO/M indicates 
whether the ensuing cycle accesses memory or I/O. 

During an input or output instruction, the CPU duplicates 
the lower half of the address [AD(0-7)] onto the upper half 
[A(8-15)]. The eight bits of address will stay on A(8-15) for 
the entire machine cycle. 

Figure 2 illustrates the timing relationship for opcode 
fetch cycles with and without a wait state. Figure 3 il- 
lustrates the timing relationship for memory read and 
write cycles with and without a wait state. Input/output 
cycles with and without a wait state are shown in Figure 4. 
One wait state is automatically inserted into each I/O 
instruction. 




R=1M 
Cl =20pF 
C2 = 34 pF 
(Recommended) 


b. 


FIGURE 1. Timing Control Configurations 
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Functional Description (Continued) 



TU/C/517V15 


FIGURE 2a. Opcode Fetch Cycles without WAIT States 



TL/C/5171-16 


FIGURE 2b. Opcode Fetch Cycles with WAIT States 
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FIGURE 4a. Input and Output Cycles without WAIT States 



* WAIT state automatically inserted during 10 operation. 


FIGURE 4b. Input and Output Cycles with WAIT States 
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Functional Description (Continued) 

INITIALIZATION 


The NSC800 and its peripherai components are initiaiized 
by RESET iN and RESET OUT. RESET iN input is associ- 
ated with an on-chip Schmitt trigger that facilitates using 
an R-C network power-on reset scheme (Figure 5). 

To ensure proper power-up conditions for the NSC800, 
the following power-up and initialization procedure is 
recommended: 

1. Apply power (Vcc and GND) and set RESET IN active 
(low). Allow sufficient time (approximately 100 ms if 
crystal u sed) for th e oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t state 
(CLK) times. RESET OUT, following the clock stabiliza- 
tion period, responds by going high, indicating to the 
system that the NSC800 is being reset. RESET OUT 
signal becomes available to reset the peripherals. 

2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch 
cycle. 

NOTE: The NSC800 initialization includes: Clear PC to 
X’OOOO (the first op^code fetch, therefore, is from memory 
location X’OOOO). Clear registers I (Interrupt Vector Base) 


and R (Refresh Counter) to X’OO. Clear interrupt control 
register bits lEA, lEB and lEC. The Interrupt control bit lEI 
is set to 1 to maintain INS8080A/Z80A compatibility (see 
INTERRUPTS for more details). Maskable interrupts are 
disabled a nd the CPU enters Interrupt Mode 0. While 
RESET IN is active (low), the A(8-15) andAD(0-7) lines go 
to high impedance (TRI-STATE) and all CPU strobes go to 
the inactive state. 

BUS ACCESS CONTROL 

Figure 6 illustrates bus access control in the N SC800. 
The external device controller produces an active BREQ 
signal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go t o high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) The NSC800 will not acknowledge any interrupt/re- 
start requests, and will no t perfo rm any dynamic RAM 
refresh functio ns until after BREQ input signal is inactive 
high. (3) BREQ si gnal h as priority over all interrupt request 
signals, should BREQ and interrupt request become ac- 
tive simultaneously. 


Vcc 



INDICATES WHEN CPU 
IS BEING RESET 


TL;C/5171-21 


FIGURE 5. Power-On Reset 



* so, SI during BREQ will Indicate same machine cycle as during cycle when BREQ was accepted. 
tz = time states bus and control signals are In high Impedance mode. 

FIGURE 6. Bus Acknowledge Cycle 
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Functional Description (Continued) 

REGISTER CONFIGURATION 

The NSC800 contains 22 programmabie registers as 
shown in Figure 7. The CPU working registers are ar- 
ranged in two 8-register configurations, each of which in- 
cludes an 8-bit accumulator, a flag register, and six 
general purpose 8-bit registers. Only one 8-bit register set 
may be active at any given moment. However, simple in- 
structions exist that allow the programmer to exchange 
the active and alternate register sets. 

It should also be noted that the six 8-bit general purpose 
registers (B, C, D, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these become 
apparent in the instruction set description. 

CPU Main Workltrg Register Set 


Accumulator 

(8) 

Flags F 

(8) 

Register B 

(8) 

Register C 

(8) 

Register D 

(8) 

Register E 

(8) 

Register H 

(8) 

Register L 

(8) 


CPU Alternate Working 

AccumulatorA' (8) 

Register Set 

Flags F' 

(8) 

Register B' 

(8) 

Register C' 

(8) 

Register D' 

(8) 

Register E' 

(8) 

Register H' 

(8) 

Register L' 

(8) 


CPU Dedicated Registers 


Index RegisterIX 

(16) 

Index Register lY 

(16) 

Interrupt Vector 
Register 1 

(8) 

Memory Refresh 
Register R 

(8) 

Stack PointerSP 

(16) 

Program 

Counter PC 

(16) 


FIGURE?. Register Configuration 


DEDICATED REGISTERS 

Program Counter (PC); The program counter contains the 
16-bit address of the current instruction being fetched 
from memory. The PC is incremented after its contents 
have been transferred to the address lines. When a pro- 
gram jump occurs, the new address is placed in the PC, 
overriding the incrementer. 

Stack Pointer (SP): The stack pointer contains the 16-bit 
address of the current top of a stack located In external 
system RAM memory. The external stack memory is or- 
ganized as a last-in, first-out (LIFO) file. The stack allows 
simple implementation of multiple level interrupts, virtu- 
ally unlimited subroutine nesting and simplification of 
many types of data manipulation. 

Index Registers (IX and lY): The two 16-bit Index registers 
hold a 16-bit base address used In indexed addressing 
modes. In this mode, an index register is used as a base to 
point to a region in memory from which data Is to be stored 


or retrieved. An additional byte is included in indexed in- 
structions to specify a displacement from this base. This 
displacement is specified as a two’s complement signed 
integer. 

Interrupt Page Address Register (I): The NSC800 CPU can 
indirectly call any memory location in response to a mode 2 
interrupt. The I register is used to store the high-order 8 
bits of the address. The low-order 8 bits are supplied by the 
interrupting peripheral. This feature allows interrupt rou- 
tines to be dynamically located anywhere in memory with 
minimal access time to the routine. 

Memory Refresh Register (R): The NSC800 CPU contains 
a memory refresh counter to enable dynamic memories to 
be used with the same ease as static memories. This 8-bit 
register is automatically incremented after each instruc- 
tion fetch. The data in the refresh counter is sent out on 
the lower portion of the address bus along with a refresh 
control signal while the CPU is decoding and executing 
the fetched instruction. This mode of refresh is totally 
transparent to the programmer and does not slow down 
CPU operation. The programmer can [oad the R register 
for testing purposes, but this register is normally not used 
by the programmer. 

ACCUMULATORS AND FLAG REGISTERS 

The CPU includes two 8-blt accumulators and two associ- 
ated 8-bit flag registers. The accumulator holds the results 
of 8-blt arithmetic or logical operation. The flag register in- 
dicates specific conditions for 8-bit or 16-bit operations. 

FLAG REGISTERS (F,F’) 

The two NSC8(X) flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and 
parity/overflow flags) can be tested by the programmer. 
The descriptions of the flags follow. 

Carry Flag (C): This flag is set by the carry from the high- 
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 

Zero Flag (Z): This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 

Sign Flag (S): This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 

Parlty/Overflow Flag (P/V); During logical operations this 
flag is set when the parity of the result is even and reset 
when it is odd. It represents overflow when signed two’s 
complement arithmetic operations are performed. An 
oversow occurs when the resultant of a two’s complement 
operation (in the accumulator) is out of range. 

The two non-testable flag register bits used for BCD 
arithmetic are: 

Half Carry (H): This flag indicates a BCD carry or borrow 
result from the least significant four bits of an operation; 
when using the DAA (Decimal Adjust Accumulator In- 
struction), it is used to correct the result of a previously 
packed decimal add or subtract. 
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Functional Description (Continued) 


Add/Subtract Flag (N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, 
this fiag specifies what type of instruction was executed 
iast in order that the DAA operation wiii be correct for 
either operation. 


s z X H X I P/V N I C 


■ CARRY 

■ADD/SUBTRACT 

■ PARITY OVERFLOW 

■ HALF CARRY 
■ZERO 
•SIGN 


FIGURES. Flag Register 


INTERRUPTS 

The NSC8 00 ha s five i nterru pt/re start inputs, four are 
maskabie ( RSTA , RST B, RSTC, and iNTR) and one is non- 
maskabie (NMi). NMi, having the highest priority of aii 
interrupts, is aiways serviced and cannot b e dis abied by 
the user. After recognizing an active input on NMi, the CPU 
stops before the next instruction, pushes the PC onto the 
stack, and jumps to address X’0066, where the user’s 
interrupt service routi ne is iocated (i.e., restart to memory 
iocation X’0066). NMi is intended for interrupts requiring 
immediate attention, such as power-down, controi panel, 
etc. 


RSTA, RSTB and RSTC are restart inputs, which, if en- 
abied, execute a restart to memory iocation X’003C, 
X’0034, and X’0 02C, res pecti veiy. Note that the CPU 
response to the NMi and RST (A, B, C) request input is 
basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 

Figure 9 illustrates NMI and RST interrupt machine cycles. 
Ml cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow- 
ing instruction will then start from the interrupts restart 
location. 

The NSC800 also provi des on e more general purpose in- 
terrupt requ est i nput, INTR. When enabled, the CPU 
responds to INTR in one of the three modes defined by in- 
struction IMO, IM1, and IM2 for modes 0, 1, and 2, respec- 
tively. Following reset, the CPU automatically sets itself in 
mode 0. 

Interrupt (INTR) Mode 0: Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an INTA 
(interrupt acknowledge) strobe, which can be used to gate 
an instruction from a peripheral onto the data bus. Two 
wait sta tes ar e automatically inserted by the CPU during 
the first INTA cycle to allow the interrupting device (or its 
controller) ample time to gate the instruction and deter- 
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular in- 
struction would be a one-byte call (restart instruction) or a 
three-byte call (CALL NN instructio n). If it is a three-byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 

Interrupt (INTR) Mode 1: Similar to the restart interrupts 
except the restart location is X’0038 (Figure 9). 


LAST M CYCLE OF INSTRUCTION- 
l-i — LAST! STATE 



\ 

/ 

1 1 1 

1 

10/13=0, S0 = 1, S1=1 

1 



*Thls is the only machine cycle that does not have an RD, WR, or INTA strobe but will accept a wait strobe. 

FIGURE 9. Non-Maskable and Restart Interrupt Machine Cycle 
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Functional Description (Continued) 

Interrupt (INTR) Mode 2: With this mode, the programmer 
maintains a table that contains the 16-bit starting address 
of every interrupt service routine. This table may be lo- 
cated anywhere in memory. When the mode 2 interrupt is 
accepted (Figure 11), a 16-bit pointer must be formed to ob- 
tain the desired interrupt service routine starting address 
from the table. The upper 8 bits of this pointer are from the 
contents of the I register, which has been previously 
loaded with the desired value by the programmer. The 
lower 8 bits of the pointer are supplied by the interrupting 
device with the low-order bit forced to zero. The pointer is 
used to get two adjacent bytes from the interrupt service 
routine starting address table to complete 16-blt service 
routine starting address. The first byte of each entry in the 
table is the least significant (low-order) portion of the ad- 
dress. The programmer must obviously fill this table with 
the desired addresses before any interrupts are to be 
accepted. 

Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pointer, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 

The interrupts have fixed priorities built into the NSC800 
as: 

NMI (Highest Priority) 

RSTA 

RSTB 

RSTC 

INTR (Lowest Priority) 

ENABLING INTERRUPTS 

NMI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 

The m askable interrupt inputs (RSTA, RSTB, RSTC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable inter- 
rupt instruction. 

The appropriate interrupt control bits in 4-bit interrupt con- 
trol register (lEA, lEB, lEC, and I El) must be enabled i n con- 
junc tion with IFF1 and IFF2, before the maskable INTR 
and RST A, B, C can be accepted by the CPU. 


The interrupt control register is an on-chip write only out- 
put port located at port address X’BB. It can only be writ- 
ten to by either the OUT (C), r or OUT (N), A instructions (for 
example OUTI instruction will not affect Interrupt Control 
Register). Its contents are: 


Bit 

Name 

Function 

0 

lEI 

Interrupt Enable for INTR 

1 

lEC 

” ” ” RSTC 

2 

lEB 

RSTB 

3 

lEA 

” ” ” RSTA 


For example: In order to enable RSTB, CPU interrupts 
must be enabled and lEB must be set. 

At reset, lEI bit is set and other mask bits, lEA, lEB, lEC are 
cleared. This maintains the software compatibility be- 
tween NSC800 and INS8080A (or Z80A). 

Execution of an 10 block move instruction will not affect 
the state of the interrupt control bits. The only two instruc- 
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 

POWER-SAVE FEATURE 

The NSC800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of ^instruction. After recognizing an 
active (low) level on PS, the NSC800 stops its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The NSC800 keeps its oscillator 
running, and makes the CLK signal available to the sys- 
tem. When in power-save the ALE strobe will be stopped 
high and the address lines [AD(0-7), A(8-15)] will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or Ml cycle) of the CPU begins in a normal 
manner. Note this Ml cycle could also be an interrupt 
acknowledge cycle if the NSC800 was interrupted simul- 
taneously with PS. Figure 12 illustrates the power-save 
feature. 

In the event BREQis asserted (low) at the end of an instruc- 
tion cycle and PS is active simultaneously, the following 
occurs: 

1. The NSC800 will go into BACK cycle 

2. Upon completion of BACK cycle if PS is still active the 
CPU will go into power-save mode. 


3 

2 

1 

0 

1 lEA 

lEB 

lEC 
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SUPPLIED BY I REGISTER 



FIGURE 11. Interrupt Mode 2 
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Timing Waveforms (Continued) 
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FIGURE 12. NSC800 Power Save 


instruction Set 

In the following instruction set listing, the notation used is 

shown below. 

b: Used in instructions employing bit mode address- 

ing to designate one bit in a register or memory 
location. 

cc: Designates condition codes used in conditional 

Jumps, Calls, and Return instructions; may be 

NZ= Non Zero (Z Flag = 0) 

Z = Zero(ZFIag = 1) 

NC = Non Carry (C Flag = 0) 

C = Carry (C Flag = 1) 

PO = Parity Odd or No Overflow (P/V = 0) 

PE = Parity Even or Overflow (P/V = 1) 

P= Positive (S = 0) 

M = Negative (S = 1) 

d: Used in instructions employing relative or indexed 

modes of addressing to designate 8-bit signed 2’s 
complement displacement. 

kk: Subset of cc condition codes used in conjunction 

with conditional relative jumps; may be NZ, Z, NC 
or C. 

ml : Used in instructions employing register indirect or 

indexed modes of addressing; may be (HL), 
(IX-l-d),or(IY-f-d). 

m2: Used in instructions employing register indirect or 

direct modes of addressing; may be (BC), (DE), or 
(nn). 

n: Any 8-bit binary number. 

nn: Any 16-bit binary number. 

pp: Used in 16-bit arithmetic instructions employing 

register modes of addressing; may be BC, DE, SP, 
or register designated as destination operand. 

qq: Used in instructions employing register modes of 

addressing; may be BC, DE, HL, AF, IX, or lY. 

r: Used in instructions employing register mode of 

addressing; may be A, B, C, D, E, H, or L. 

rr: Used in instructions employing register mode of 

addressing; may be BC, DE, HL, SP, IX, or lY. 

ss: Used in instructions employing register mode of 

addressing; may be HL, IX, or lY. 


T: Used in restart instructions employing modified 

page zero addressing mode; may take on hex 
values of 0, 8, 10, 18, 20, 28, 30, or 38. 

Xl: Subscript L indicates the low-order byte of a 16-bit 

register. 

Xh: Subscript H indicates the high-order byte of a 

• 16-bit register. 

( ): Parentheses indicate the contents are considered 

a pointer to a memory or I/O location. 


8-Bit Loads 

REGISTER TO REGISTER 


Mnemonic 

Description 

Operation 

LD r^j, rg 

Load register rj with rg 

rd*-rs 

LD A, 1 

Load ACC with register 1 

A-l 

LD 1, A 

Load register 1 with ACC 

l-A 

LD A, r 

Load ACC with register 

R 

A-r 

LDr, A 

Load register R with 

ACC 

r— A 

LDr,n 

Load register r with 
immediate data n 

r— n 

REGISTER TO MEMORY 


Mnemonic 

Description 

Operation 

LD ml, r 

Load memory from 
register r 

ml-r 

LD m2, A 

Load memory from ACC 

m2— A 

LD ml, n 

Load memory with 
immediate data n 

ml — n 

MEMORY TO REGISTER 


Mnemonic 

Description 

Operation 

LD r, ml 

Load register r from 
memory 

r— ml 

LD A, m2 

Load ACC from memory 

A- m2 
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16-Bit Loads 


CCF 

SCF 


REGISTER TO REGISTER 


Mnemonic 

Description 

Operation 

LD rr, nn 

Load register rr with 
immediate data nn 

rr— nn 

LD SP, ss 

Load SP register 
with register ss 

SP— ss 

REGISTER TO MEMORY 


Mnemonic 

Description 

Operation 

LD (nn), rr 

Load memory location 

(nn)-rrL 


nn with 16 bit register rr 

(nn-f 1)-rrH 

PUSH qq 

Push contents of 

(SP-l)-qqH 


16-bit register qq onto 

(SP-2)-qqL 


memory stack 

SP-SP-2 

MEMORY TO 

REGISTER 


Mnemonic 

Description 

Operation 

LD rr, (nn) 

Load 16-bit register rr 

rrL-(nn) 


from memory location nn 

rrH-(nn-i-l) 

POP qq 

Pop contents of stack 

qqL-(SP) 


to register qq 

qqH-(SP-H) 
SP-SP-f 2 

8-Bit Arithmetic 


REGISTER ADDRESSED ARITHMETIC 


Mnemonic 

Description 

Operation 

ADD A, r 

Add contents of register 
r to ACC 

A-A + r 

ADC A, r 

Add with carry contents 
of register r to ACC 

A-A + r-fCY 

SUBr 

Subtract contents of 
register r from ACC 

A-A-r 

SBC A, r 

Subtract with carry 
contents of register r 
from ACC 

> 

t 

> 

1 

7 

o 

-< 

ANDr 

Logically AND contents 
of register r with ACC 

A-A A r 

ORr 

Logically OR contents 
of register r with ACC 

A-A V r 

XORr 

Exclusive OR contents 
of register r with ACC 

A-A V r 

CPr 

Compare contents of 

A:r 


register r to ACC 

Zflag-1 
if A = r 
else 

Z Flag-0 

INCr 

Increment contents of 
register r 

r-r + 1 

DECr 

Decrement contents of 
register r 

r-r - 1 

DAA 

Decimal adjust ACC 

(ACC adjust 
for BCD) 

CPL 

Complement ACC 
(1’s complement) 

A-A 

NEG 

Negate ACC (2’s 
complement) 

> 

t 

0 

1 

> 


Complement carry flag CY— CY 

Set carry flag CY— 1 

IMMEDIATE ADDRESSING MODE ARITHMETIC 


Mnemonic 

Description 

Operation 

ADD A, n 

Add number n to ACC 

A— A + n 

ADC A, n 

Add with carry number n 
to ACC 

A-A + n-f CY 

SUBn 

Subtract number n 
from ACC 

A— A- n 

SBC A, n 

Subtract with carry 
number n from ACC 

A-A-n-CY 

AND n 

AND number n with ACC 

A-A A n 

ORn 

OR number n with ACO 

A-A V n 

XORn 

Exclusive OR number n 
with ACC 

A-A V n 

CPn 

Compare number n 

A: n 


to ACC 

Zflag-1 

If A = n 
else 

Z Flag-0 

MEMORY ADDRESSED ARITHMETIC 


Mnemonic 

Description 

Operation 

ADD A, ml 

Add memory to ACC 

A— A-i-ml 

ADC A, ml 

Add with carry memory 
to ACC 

A-A-fml +CY 

SUB ml 

Subtract memory from 
ACC 

> 

1 

> 

1 

3 

SBC A, ml 

Subtract with carry 
memory from ACC 

> 

1 

> 

1 

3 

1 

O 

-< 

AND ml 

AND memory with ACC 

A-A A ml 

OR ml 

OR memory with ACC 

A-A V ml 

XORmI 

Exclusive OR memory 
with ACC 

A-A V ml 

CP ml 

Compare memory with 

A: ml 


ACC 

Zflag — 1 
if A = r 
else 

Z Flag— 0 

INC ml 

Increment memory 

ml — ml + 1 

DEC ml 

Decrement memory 

ml — ml - 1 

16-Bit Arithmetic 


REGISTER ADDRESSED ARITHMETIC 


Mnemonic 

Description 

Operation 

ADD ss, pp 

Add 16-bit register pp 
to 16-bit register ss 

ss-ss + pp 

ADC HL, pp 

Add with carry 16-bit 

—I 

X 

1 

_l 

X 


register pp to HL 

-t- pp -f CY 

SBC HL, pp 

Subtract with carry 

HL-HL 


16-bit register pp 
from HL 

- pp - CY 

INCrr 

Increment 16-bit 
register rr 

rr— rr + 1 

DEC rr 

Decrement 16-bit 
register rr 

rr— rr - 1 
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Bit Set, 

Reset, and Test 





REGISTER 



Mnemonic 

Description 

Operation 

Mnemonic 

Description 

Operation 

CPI 

Compare data in mem- 

A-(HL) 


ory location (HL) to ACC, 

HL^HL-t-l 

SET b, r 

Set bit b in register r 

rb*-1 


increment memory 

BC^BC-1 

RES b, r 

Reset bit b in register r 

Tb-O 


pointer and decrement 


BIT b, r 

Test bit b in register r 

Z-rb 

CPD 

byte counter BC. 

Compare data in mem- 

A-(HL) 

MEMORY 




ory location (HL) to ACC 

HL~HL-1 





and decrement memory 

BC-BC-1 

Mnemonic 

Description 

Operation 


pointer and byte counter 
BC. 

• ■ 

Set b, ml 

Set bit b in memory 

mib— 1 




location ml 


REPEAT OPERATIONS 


RES b, ml 

Reset bit b in memory 
location ml 

mib— 0 

Mnemonic 

Description 

Operation 

BIT b, ml 

Test bit b in memory 
location m1 

Z*-m1b 

LDIR 

Move data from memory 

(DE)~(HL) 




location (HL) to memory 

DE^DE-f-l 





location (DE), increment 

HL-HL-fl 





memory pointers, decre- 

BC-BC-1 

Exchandes 



ment byte counter BC, 

Repeat until 





repeat until BC = 0 

BC = 0 

REGISTER/REGISTER 


LDDR 

Move data from memory 

(DE)-(HL) 





location (HL) to memory 

DE-DE-1 

Mnemonic 

Description 

Operation 


location (DE), decrement 

HL-HL-1 

EX DE, HL 

Exchange contents of 

DE and HL register 

DE~HL 


memory pointers and 
byte counter BC, repeat 
until BC = 0 

BC-BC-1 

Repeat until 

BC = 0 

EX AF, AF1 

Exchange contents of A 
and F registers with A1 
and FI registers 

AF-AF’ 

CPIR 

Compare data in memory 
location (HL)to ACC, 
increment memory 
pointer, decrement byte 

A-(HL) 

HL-HL-fl 

BC-BC-1 

Repeat until 



EXX 

Exchange contents of 

BC-BC’ 



BC, DE and HL registers 

DE~DE’ 


counter BC, repeat until 

BC = 0 or 


with corresponding 
alternate registers 

HL~HL’ 

CPDR 

BC = 0or(HL) = A 

(HL) = A 



Compare data in memory 

A-(HL) 

REGISTER/MEMORY 



location (HL) to ACC, 

HL-HL-1 





decrement memory 

BC-BC-1 

Mnemonic 

Description 

Operation 


pointer and byte counter 
BC, repeat until BC = 0 or 

Repeat until 

BC = 0 or 

EX (SP), ss 

Exchange top of stack 

(SP)~ssl 


(HL) = A 

(HL) = A 


with 16-bit register ss 

(SP-i- 1)~ssh 




1 

Input/Output 


Memory Block Moves and Searches 

Due to the multiplexed bus structure, the NSC800 handles 

Block move and search instructions (such as LOIR and 
INIR) insert a dummy instruction fetch after each cycie to 
keep refresh going. 

the address bus differently than the Z80 during input and 
output instructions. The NSC800 duplicates the port ad- 
dress on the upper and lower halves of the address. 

SINGLE OPERATIONS 


Mnemonic 

Description 

Operation 




IN A, (n) 

Input from I/O device at 

A-(n) 

Mnemonic 

Description 

Operation 


address n to ACC 


LDI 

Move data from memory 

(DE)^(HL) 

OUT (n), A 

Output to I/O device at 

(n)-A 


location (HL) to memory 

DE>-DE-f 1 


address n from ACC 



location (DE), increment 

HL^HL-t-1 

IN r, (C) 

Input from I/O device at 

r-(C) 


memory pointers, and 

BC^BC-1 


address (C) to register 



decrement byte counter 


OUT(C), r 

Output to I/O device at 

(C)-r 


BC. 



address (C) from register 


LDD 

Move data from memory 

(DE)^(HL) 

INI 

Input from I/O device at 

(HL)-(C) 


location (HL) to memory 

DE^DE-1 


address (C) to memory 

HL-HL-fl 


location (DE), and decre- 

HL-HL-1 


location (HL), increment 

B-B^1 


ment memory pointer 

BC^HL-1 

1 

pointer, and decrement B 



and byte counter BC. 



counter 
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Input/Output (Continued) 


Mnemonic 

Description 

Operation 

OUTI 

Output to I/O at address 
(C) from memory location 
(HL), increment pointer, 
and decrement B counter 

(C)^(HL) 

HL-HL-f-1 

B-B-1 

IND 

Input from I/O device at 
address (C) to memory 
location (HL) and decre- 
ment pointer, and B 
counter 

(HL)~(C) 

HL^HL-1 

B-B-1 

OUTD 

Output to I/O device at 
address (C) from memory 
location (HL) and decre- 
ment pointer and B 
counter 

(C)^(HL) 

HL-HL-1 

B-B-1 

INIR 

Input from I/O device 
at address (C) to mem- 
ory location (HL), incre- 
ment pointer, decrement 

B counter, and repeat 
until B = 0 

(HL)-C 
HL-HL-fl 
B-B-1 
Repeat until 

B = 0 

OUTIR 

Output to I/O device at 
address (C) from memory 
location (HL), increment 
pointer, decrement B 
counter, and repeat until 

B = 0 

(C)^(HL) 
HL-HL-i-1 
B-B-1 
Repeat until 

B = 0 

INDR 

Input from I/O device at 
address (C) to memory 
location (HL), decrement 
pointer and B counter, 
and repeat until B = 0 

(HL)-(C) 
HL-HL-1 
B-B-1 
Repeat until 

B = 0 

OUTDR Output to I/O device at 

address (C) from mem- 
ory location (HL), decre- 
ment pointer and B 
counter, and repeat until 

B = 0 

CPU Control 

(C)-(HL) ' 
HL-HL-1 
B-B-1 
Repeat until 

B = 0 

Mnemonic 

NOP 

HALT* 

Dl 

El 

IMO 

IM 1 

IM2 

Description 

No operation 

Halt processor 

Disable Interrupts 

Enable Interrupts 

Set Interrupt Mode 0 

Set Interrupt Mode 1 

Set Interrupt Mode 2 

Operation 


Program Control 


JUMPS 

Mnemonic 

Description 

Operation 

JP nn 

Unconditional jump 
direct to nn 

PC— nn 

JP (ss) 

Unconditional jump 
indirect via ss register 

PC— ss 

JPcc, nn 

Conditionally jump 
direct to nn if cc is true 

If cc true, 

PC— nn, else 
continue 

JRd 

Unconditional jump 
to PC-i-d 

PC- PC-f-d 

JR kk, d 

Conditionally jump 

PC-f-d if kk is true 

If kk true, 
PC-PC-f d 

DJNZ, d 

Decrement B register 
and jump to PC-t- d if 
B^O, otherv/ise continue 

B-B-1 
if B = 0 

PC- PC-f-d 

CALLS 

Mnemonic 

Description 

Operation 

CALL nn 

Unconditional call to 
subroutine at location nn 

(SP-I)-PCh 
(SP-2)tPCl 
PC— nn 

CALL cc, nn 

Conditional call to 
subroutine at location 
nn if cc true 

If cc true, 
(SP-D-PCh 
(SP-2)-PCl 
PC— nn, else 
continue 

RETURNS 

Mnemonic 

Description 

Operation 

RET 

Unconditonal return 
from subroutine 

PCl-(SP) 

PCh-(SP-H) 

RETcc 

Conditional return 
from subroutine 

If cc true: 
PCl-(SP) 
PCH-(SP-f-l) 
else continue 

RETI 

Return from interrupt 

PCl-(SP) 

PCh-(SP-H) 

RETN 

Return from non- 
maskable interrupt 

PCl-(SP) 

PCH-(SP-f-l) 

Restore 

interrupt 

enable 

status 

RESTARTS 

Mnemonic 

Description 

Operation 

RSTT 

Interrupt to location T 

(SP-I)-PCh 

(SP-2)-PCl 

PC-T 


Halt instruction locks CPU into an endless cycle of instruction fetches 
until CPU Is reset or interrupted. Therefore dynamic memory refresh 
continues to run. 






NSC800 


Rotate and Shift 

REGISTER 

MNEMONIC 

RLCr 

RLr 

RRCr 

RRr 

SLAr 

SRAr 

SRLr 

MEMORY 

MNEMONIC 

RLC ml 

RL m1 

RRC ml 

RR m1 

SLA m1 , 

SRA ml 

SRLm1 

REGISTER/ MEMORY 
MNENONIC 

RLD 

RRD 


DESCRIPTION 

ROTATE REGISTER r LER CIRCUUR 

ROTATE REGISTER r LEFT THROUGH 
CARRY 

ROTATE REGISTER r RIGHT CIRCULAR 

ROTATE REGISTER r RIGHT THROUGH 
CARRY 

SHIFT REGISTER r LEFT ARITHMETIC 

SHIR REGISTER r RIGHT ARITHMRIC 


SHIR REGISTER r RIGHT LOGICAL 


DESCRIRION 

ROTATE MEMORY LER CIRCULAR 

ROTATE MEMORY LER THROUGH CARRY 

ROTATE MEMORY RIGHT CIRCULAR 

ROTATE MEMORY RIGHT THROUGH 
CIRCULAR 

SHIR MEMORY LER ARITHMRIC 

SHIR MEMORY RIGHT ARITHMRIC 

SHIR MEMORY RIGHT LOGICAL 


OPERATION 


1 CY — 1 7 ■* 0 ■* — 1 

r 

1— — 

r 

L| 7 a ). 

r 

1 >|cy| 

L|,7-.o|- 

r 

— -13-J 

QD* — 

- 7 ■* 0 — C 

r 


— -0 

-^|7->0|- 

— "R 


TUC/5171-29 


OPERATION 



ml 





7 ► 0 



CY 


_ 



ml 



1 , 

7 ► 0 


CY 







ml 



ml 



ml TUC/5171-30 


DESCRIRION 


OPERATION 


■ ROTATE DIGIT LER AND RIGHT BETWEEN 
ACC AND MEMORY (HL) 


ROTATE DIGIT RIGHT AND LER BETWEEN 
ACC AND MEMORY (HL) 



(HL) 
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NSC800M/883B MIL-STD-883 
Class B Screening 

National Semiconductor offers the NSC800D and 
NSC800E with full class B screening per MIL-STD-883B for 
Military/Aerospace programs requiring high reliability. In 
addition, this screening is available for all of the key 
NSC800 peripheral devices. 


Electrical testing is performed in accordance with 
RETS800X, which tests or guarantees all of the electrical 
performance characteristics of the NSC800 data sheet. A 
copy of the current revision of RETS800X is available upon 
request. 


100% SCREENING FLOW 


Test 

MIL-STD-883 Method/Condition 

Requirement 

Internal Visual 

2010B 

100% 

Stabilization Bake 

1008 C 24 Hrs. @ -H50*C 

100% 

Temperature Cycling 

1010 CIO Cycles -eS'CZ-f 150'C 

100% 

Constant Acceleration 

2001 E 30,000 G’s, Y1 Axis 

100% 

Fine Leak 

1014B5X10-® 

100% 

Gross Leak 

1014C 

100% 

Burn-In 

1015 160 Hrs. @ -f 125'C (using 
burn-iacircuits shown below) 

100% 

Final Electrical 

+ 25'’C DC per RETS800X 

100% 

PDA 

10% Max 



- 1 - 125°C AC and DC per RETS800X 

. 100% 


- SS^C AC and DC per RETS800X 

100% 


-f 25'’C AC per RETS800X 

100% 

QA Acceptance 

Group A (sample, each lot) 


Quality Conformance 

Group B (sample, each 



inspection lot) 

Group C (sample every 90 days 

per microcircuit group) 
Group D (sample every 6 months 

per package type) 


External Visual 

2009 

100% 


Burn-In Circuits 


5240HR 

NSC800D/883B (Dual-ln-Line) 


5241 HR 

NSC800E/883B (Leadless Chip Carrier) 




All resistors 2.7 kn unless marked otherwise. 

Note 1: All resistors are 1/4W±5% unless otherwise specified. 

r|ote 2: All clocks OV to 3V, 50% duty cycle, In phase with < 1 fis rise and fall time. 

Note 3: Device to be cooled down under power after burn-ln. 
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NSC800 






NSC800 


Ordering Information 

NSC800 X X X X 



/A+=A+ Reliability Screening 
/883 = MIL-STD-883B Screening (Note 1) 

I = Industrial Temperature ( - 40°C to + 85°C) 

M = Military Temperature ( - 55°C to + 125°C) 

No Designation = Commercial Temperature (0°C to TO^C) 

- 1 = 1 MHz Clock Output (Note 2) 

- 4 = 4 MHz Clock Output 
No Designation = 2.5 MHz Clock Output 

D = Ceramic Package 

J = CERDIP Package (availability to be announced) 

N = Plastic Package 

E = Ceramic Leadless Chip Carrier (LCC) 

V = Plastic Leaded Chip Carrier (PCC) (availability to be announced) 


Note 1: Do not specify a temperature option; all parts are screened to military temperature. 

Note 2; -1 part only available in D-1,N-1,D-1I,N-1I,V-1,V-1I 

EXAMPLES 

NSC800E-4/883 
NSC800N 
NSC800D-1I/A + 


Reliability Information 
Gate Count 2750 
Transistor Count 1 1 ,000 
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National 

Semiconductor 


NSC810A RAM-I/O-Timer 


microCMOS 


General Description 


The NSC810A, which is fabricated using microCMOS sili- 
con gate technology, functions as a memory, an input/out- 
put peripheral interface and a timing device. The memory 
is comprised of 1024 bits of static RAM organized as 
128x8. The I/O portion consists of 22 programmable in- 
put/output bits arranged as three separate ports, with 
each bit individually definable as an input or output. The 
port bits can beset or cleared individually and can be writ- 
ten or read in bytes. Several types of strobed mode opera- 
tions are available through port A. The timer portion of the 
device consists of two programmable 16-bit binary down- 
counters each capable of operation in any one of 6 modes. 
Timer counts are extendable by one of the available pre- 
scale values. The NSC810A comes in various speeds and 
package configurations, including the new high density 
LCC package. The NSC810A is available in full military 
specification 883B. 


Features 

■ Three programmable I/O ports 

■ Two 16-bit programmable counter/timers 

■ 2.4V-6.0V power supply 

■ Very low power consumption 

■ Fully static operation 

■ Single-instruction I/O bit operations 

■ Timer operation— DC to 5 MHz 

■ Bus compatible with NSC800™ family 

■ Speed: compatible with NSC800 

NSC810A-4-NSC800-4 @ 4.0 MHz 
NSC810A-NSC800 @ 2.5 MHz 
NSC810A-1-NSC800-1 @ 1.0 MHz 


NSC800 Microcomputer Family Block Diagram 


CLK XOUT 

XIN 

Vcc GND 

fUTB 


AOa-7 

rsTa, B, C 

NMl 


A8-15 

FfTfA 

SO 

NSCSOO 

RO 

WR 

SI 

(CPU) 




ALE 

RFSH 

BREil 


lO/M 

BACK 

wait 

PS 

RESET IN 


RESET OUT 


ill 



Vcc GND 

ADO-7 


CE 

NSC81DA 

WO 

RAM 

I/O 

WB 

TIMER 

ALE 


lOT/M 


RESET 




Vcc GND 

ADO-7 


A8-10 


CE 


CE 

NSC830 


ROM 

RD 

I/O 

WR 


ALE 


lO/M 


RESET 
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NSC810A 


Absolute Maximum Ratings (Note i) 

Storage Temperature Range -SS^Cto +150“C 

Voltage at Any Pin with Respect 
to Ground -0.3V to Vcc + 0.3V 

Vcc 7V 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) OOO'C 


Operating Conditionsvcc=5v±io% 


Ta, Ambient Temperature 
Military 
Industrial 
Commercial 


-55“Cto +125'’C 
-40*Cto +85*0 
O'Cto +70'’C 


DC Electrical Characteristics 

Ta= -55°Cto +125°C, Vcc = 5V± 10%, GND = 0V, unless otherwise specified. 


Symbol 


V|H 


V|L 


VoH 



Parameter 


Logical 1 Input Voltage 


Logical 0 Input Voltage 


Logical 1 Output Voltage 


Logical 0 Output Voltage 


Input Leakage Current 


Output Leakage Current 


Active Supply Current 


Quiescent Current 


Input Capacitance 


Output Capacitance 


Power Supply Voltage 


Data Retention Voltage 


Conditions 



loH= -1-0 mA 
loUT= — 10/tA 


Iol=2 mA 

loUT= "IOaiA 


O^VinSVcc 


0sVin:S Vcc 


louT = 0, Timer = Mode 1, TOIN = T1 IN = 2.5 MHz, 
twcY — 750 ns 


No Input Switching, Ta = 25“C 


Min 


0.7 Vcc 


0 


2.4 

Vcc -0.5 


0 




Typ 

Max 


Vcc 


0.2 Vcc 




0.4 


0.1 


10.0 


10.0 

8 

10 

10 

100 

4 

7 

6 

10 

5 

6 



/ 


Low Voltage Operation Preliminary 



NSC810A 

NSC810A-4 

Units 

500 

500 

kHz 

1 

1 

MHz 


Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. Continuous operation at these limits Is not 
intended; operation should be limited to those conditions specified under DC Electrical Characteristics. i 


icc VS Speed 



twcY (nj) 


0 12 3 4 

NSC800 CLOCK SPEED* (MHz) TL/C;5517.2 

‘When NSC810A Is used with NSC80O 
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AC Electrical Characteristics Vcc=5v±io%,gnd=ov 

(Valid for the following temperature and speed) 

NSC810A-1-0°Cto70°C 

-40°Cto +85‘’C 
NSC810A -0°Cto70°C 

— 40°C to + 85°C 
-55°Cto +125°C 
NSC810A-4-0°Cto70°C 

-40°C to +85°C 
-55°Cto +125°C 


Conditions 


Cl= 150 pF 


Symbol 

Parameter 

Iacc 

Access Time from ALE 

tAH 

ADO-7, CE, lOT/M Hold Time 

tALE 

ALE Strobe Width (High) 

tARW 

ALE to RD or WR Strobe 

tAS 

ADO-7, CE, lOT/M Set-Up Time 

toH 

Data Hold Time 

too 

Port Data Output Valid 

tos 

Data Set-Up Time 

tpE 

Peripheral Bus Enable 

tpH 

Peripheral Data Hold Time 

tps 

Peripheral Data Set-Up Time 

tpz 

Peripheral Bus Disable (TRI-STATE®) 

tpB 

RD to BF Output 

fRD 

Read Strobe Width 

tRDD 

Data Bus Disable 

tRI 

RD to INTR Output 

tRWA 

RD or WR to Next ALE 

tSB 

STB to BF Valid 

tsH 

Peripheral Data Hold with Respect to STB 

tsi 

STB to INTR Output 

tss 

Peripheral Data Set-Up with Respect to STB 

tsw 

STB Width 

twB 

WR to BF Output 

twi 

WR to INTR Output 

twR 

WR Strobe Width 

twCY 

Width of Machine Cycle 


NSC810A-1 


Min Max 




Timer AC Electrical Characteristics 


Parameter 


Clock Frequency 


Clock Frequency 


Clock Pulse Width 


Clock Pulse Width 


Gate Set-Up Time 


Gate Hold Time 


Clock to Output Delay 



150 


150 


150 

300 


300 


300 


320 


220 


100 

0 

100 

0 

75 

320 


320 


300 


100 


75 


300 


300 


300 


|^[ 


100 


300 


300 


300 


m 


50 



tm 


220 


340 


340 


300 

320 


320 


300 



Prescale Selected 


With Respect to Negative Clock Edge 


With Respect to Negative Clock Edge 


Cl=100pF 
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NSC 810 A 


NSC810A Functional Pin Descriptions 

The function and mnemonic for the NSC810A signals are 
described below: 

INPUT SIGNALS 

Reset (RESET): RESET is an active-high input that resets 
all registers to 0 (low). The RAM contents remain 
unaltered. 

Input/Output Timer or RAM Select (lOT/M): lOT/M is an 
I/O memory select input line. A logic 1 (high) input selects 
the l/O-timer portion of the chip; a logic_0 (low) input 
selects the RAM portion of the chip. lOT/M is latched at 
the falling edge of ALE. 

Chip Enable (CE): CE is an active-high input that allows 
access to the NSC810A. CE is latched at the falling edge 
of ALE. 

Read (RD): The RD is an active-low input that enables a 
read operation of the RAM or l/O-timer location. 

Write (WR): The WR is an active-low input that enables a 
write operation to RAM or l/O-timer locations. 

Address Latch Enable (ALE): The falling edge of the ALE 
input latches AD0-AD7, CE and lOT/M inputs to form the 
address for RAM, I/O or timer. 

Timer 0 Input (TOIN); TOIN is the clock input for timer 0. 
OUTPUT SIGNALS 

Timer 0 Output (TOOUT): TOOUT is the programmable out- 
put of timer 0. After reset, TOOUT is set high. 

POWER SUPPLY PINS 

Positive DC Voltage (Vcc): Vcc is the 5V supply pin. 
Ground (GNO): Ground reference pin. 

Connection Diagrams 


Dual-ln-Line Package 


PC3/TG 

1 e 


40 

— Vcc 

PC4/T1IN 

2 


39 

PC2/STB 

TOIN 

3 


38 

PC1/BF 

RESET 

4 


37 

— pco/InTr 

PC5/T10UT 

5 


36 

PB7 

TOOUT 

6 . 


35 

PB6 

IOT/M 

7 


34 

PBS 

CE ^ 

8 


33 

PB4 

RD 

9 


32 

PB3 

WR 

10 

NSC810A 

31 

PB2 

ALE 

11 


30 

PB1 

ADO 

12 


29 

PBO 

ADI 

13 


28 

PA7 

AD2 

14 


27 

PA6 

AD3 

15 


26 

PAS 

AD4 

16 


25 

— PA4 

ADS 

17 


24 

PA3 

ADS 

18 


23 

PA2 

AD7 

19 


22 

— PA1 

GND 

20 


21 

— PAO 


TOP VIEW 


See NS Package D40C, J40A or N40A 


INPUT/OUTPUT SIGNALS 

Address/Data Bus (AD0-AD7): The multiplexed bidirec- 
tional address/data bus, AD0-AD7 pins, are in the high im- 
pedance state when the NSC810A is not selected. 
AD0-AD7 will latch address inputs at the falling edge of 
ALE. The address will designate a location in RAM, I/O or 
timer. WR input enables 8-bit data to be written into the ad- 
dressed location. RD input enables 8-bit data to be read 
from the addressed location. The RD or WR inputs occur 
while ALE is low. 

Port A, 0-7 (PA0-PA7): Port A is an 8-bit basic mode input/ 
output port, also capable of strobed mode I/O utilizing 
three control signals from port 0. Strobed mode of opera- 
tion on port A has three different modes: strobed input, 
strobed output with active bus, strobed output with TRI- 
STATE bus. 

Port B, 0-7(PB0-PB7): Port B is an 8-bit basic mode input/ 
output port. 

Port C, 0-5 (PC0-PC5): Port C is a 6-bit basic mode I/O 
port. Each pin has a programmable second function, as 
follows: 

PCO/INTR: INTR is an active-low strobed mode inter- 
rupt request to the Central Processor Unit (CPU). 

PC1/BF: BF is an active-high buffer full output to 
peripheral devices. 

PC2/STB: STB is an active-low strobe input from 
peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1IN: T1IN Is the clock input for timer 1. 

PC5/T10UT: T10UT is the programmable output of 
timer 1. 


PC3/ 

PC5/T10UT TOIN TG Vcc PC1/BF 



TOP VIEW TL/C/5517-11 


NC = no connect 

See NS Package ED44A or V44 
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NSC810A Functional Description 

Refer to Figure 1 for a detailed block diagram of the 
NSC810A. 


RANDOM ACCESS MEMORY (RAM) 

The memory portion of the RAM-l/O-timer is accessed_by a 
7-bit address input to pins ADO through AD6. The lOT/M in- 
put must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Ad- 
dress bit AD7 is a“don’t care” for RAM addressing. Timing 
for RAM read and write operations is shown in the timing 
diagrams. 


INPUT/OUTPUT (I/O) 

The I/O portion of the NSC810A contains three sets of I/O 
called ports. There are two ports (A and B) which contain 
eight bits each and one port (port C) which has six bits. Any 
bit or combination of bits in a port may be addressed with 
Set or Clear commands. A port can also be addressed as 
an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit-Set and Bit-Clear. Additionally, 
port A is programmable for strobed (handshake) mode in- 
put or output. Port C has programmable second functions 
for each bit associated with strobed modes and timer 
functions. Table I defines the address location of the 
ports, timers and control registers. 


Detailed Block Diagram 


(8) ^ 


(10|^ 



CONTROL 


LOGIC 

Jll)^ 


-iiu 



HANDSHAKE 

LOGIC 


ADDRESS/ 

DATA 

BUFFERS AND 
LATCHES 


TIMER MODE 
REGISTERS 


(37-39,1,2, 5) 


PCD-PC5 
HANDSHAKE 
AND TIMER 
FUNCTIONS 


T1 COMMAND 



HIGH 
' ORDER 

TO COMMAND 


4 ^ 

LOW 
” ORDER 


TO 

HIGH 


ORDER 

TO 

LOW 



ORDER 


Note: Applicable pinout for 40-pin 
duai-in-iine package within parentheses 


FIGURE 1 
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NSC810A 


NSC810A Functional Description (Continued) 


TABLE I. I/O AND TIMER ADDRESS DESIGNATIONS 


8-Bit Address Field 

Bits 

7 6 5 4 3 2 1 0 

Designation 

I/O Port, Timer, etc. 

R (Read) 
W (Write) 

X 

X 

X 

0 

0 

0 

0 

0 

Port A (byte) 

R/W 

X 

X 

X 

0 

0 

0 

0 

1 

Port B (byte) 

R/W 

X 

X 

X 

0 

0 

0 

1 

0 

Port C (byte) 

R/W 

X 

X 

X 

0 

0 

0 

1 

1 

Not Used 

** 

X 

X 

X 

0 

0 

1 

0 

0 

DDR— Port A 

W 

X 

X 

X 

0 

0 

1 

0 

1 

DDR— Port B 

w 

X 

X 

X 

0 

0 

1 

1 

0 

DDR— Port C 

w 

X 

X 

X 

0 

0 

1 

1 

1 

Mode Definition Reg. 

w 

X 

X 

X 

0 

1 

0 

0 

0 

Port A— Bit-Clear 

w 

X 

X 

X 

0 

1 

0 

0 

1 

Port B— Bit-Clear 

w 

X 

X 

X 

0 

1 

0 

1 

0 

Port C— Bit-Clear 

w 

X 

X 

X 

0 

1 

0 

1 

1 

Not Used 

*» 

X 

X 

X 

0 

1 

1 

0 

0 

Port A— Bit-Set 

w 

X 

X 

X 

0 

1 

1 

0 

1 

Port B— Bit-Set 

w 

X 

X 

X 

0 

1 

1 

1 

0 

Port C— Bit-Set 

w 

X 

X 

X 

0 

1 

1 

1 

1 

Not Used 

** 

X 

X 

X 

1 

0 

0 

0 

0 

Timer 0 (LB) 

* 

X 

X 

X 

1 

0 

0 

0 

1 

Timer 0 (HB) 

* ■ 

X 

X 

X 

1 

0 

0 

1 

0 

Timer 1 (LB) 

• 

X 

X 

X 

1 

0 

0 

1 

1 

Timer 1 (HB) 

• 

X 

X 

X 

1 

0 

1 

0 

0 

STOP Timer 0 

w 

X 

X 

X 

1 

0 

1 

0 

1 

START Timer 0 

w 

X 

X 

X 

1 

0 

1 

1 

0 

STOP Timer 1 

w 

X 

X 

X 

1 

0 

1 

1 

1 

START Timer 1 

w 

X 

X 

X 

1 

1 

0 

0 

0 

Timer 0 Mode 

R/W 

X 

X 

X 

1 

1 

0 

0 

1 

Timer 1 Mode 

R/W 

X 

X 

X 

1 

1 

0 

1 

0 

Not Used 

** 

X 

X 

X 

1 

1 

0 

1 

1 

Not Used 

** : 

X 

X 

X 

1 

1 

1 

0 

0 

Not Used 

** 

X 

X 

X 

1 

1 

1 

0 

1 

Not Used 

** 

X 

X 

X 

1 

1 

1 

1 

0 

Not Used 

** 

X 

X 

X 

1 

1 

1 

1 

1 

Not Used 

•* 


X = don’t care 
LB = low-order byte 
HB = hlgh-order byte 

*A write accesses the modulus register, a read the read buffer. 

** A read from an unused location reads invaiid data, a write does not 
affegt any operation of NSC810A. 


MODE DEFINITION REGISTER (MDR) 

The mode definition register (MDR) defines the operating 
mode for port A. While ports B and C are always in the 
basic I/O mode, there are four operating modes for port A: 

Mode 0— Basic I/O (Input or Output) 

Mode 1— Strobed Mode Input 

Mode 2— Strobed Mode Output— Active Peripheral 

Bus 

Mode 3— Strobed Mode Output— TRI-STATE 

Peripheral Bus 

The MDR has the address assignment xxx00111 and is il- 
lustrated for the four modes in Table II. 


TABLE ll. MODE DEFINITION REGISTER BIT 
ASSIGNMENTS 



DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (DDR) that 
defines the I/O state of the bit. The bit is configured as an 
input if a "0” is written into its DDR, or as an output if a “1 ” 
is written. The DDR bits cannot be individually written to; 
the entire DDR byte is affected by a write to the DDR ad- 
dress. Thus, all data must be consistent with the direction 
desired for each port. 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to Figure 2. 


INTERNAL 



FIGURE 2. Block Diagram for Port Bit (i) 


BIT OPERATIONS 

The I/O features of the RAM-l/O-timer allow modification 
of a single bit or several bits of a port with Bit-Set and Bit- 
Clear command. The address is set up to indicate that a 
Bit-Set (or Clear) is taking place. The incoming data on the 
address/data bus is latched at the trailing edge of the WR 
strobe and is treated as a mask. All bits containing 1s will 
cause the indicated operation to be performed on the cor- 
responding port bit. All bits of the data mask with Os cause 
the corresponding port bits to remain unchanged. Three 
sample operations are shown in Table III using port B as an 
example. 
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TABLE III. BIT-SET AND CLEAR EXAMPLES 


Operation 

Set B7 

Clear B2 
and BO 

Set B4, B3 
and B1 

Address 

xxxOIIOI 

xxxOIOOl 

xxxOIIOI 

Data 

10000000 

00000101 

00011010 

Port Pins 

Prior State 
Next State 

00001111 

10001111 

10001111 

10001010 

10001010 

10011010 


PORT FUNCTIONS— BASIC I/O 

Basic I/O is the mode of operation of ports B and C and 
mode 0 of port A (defined by the MDR). Read and write byte 
operations, and bit operations can be executed in the 
basic I/O mode. The timing for basic input and basic out- 
put modes is shown in the AC Characteristics tables. 

When a read occurs, the information is latched from the 
^ipheral (port) bus during the leading (falling) edge of the 
RD strobe. When a write occurs, the port bus is modified 
after the trailing (rising) edge of the WR strobe with data 
from the AD bus. Port output data remains valid at the out- 
put pin from one trailing edge of WR strobe to the trailing 
edge of the next WR strobe which then modifies that port. 


PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 
types of strobed mode for handshake communication 
with intelligent peripherals. When port A is in mode 1, 2, or 
3 (see description of MDR), port C pins 0, 1, and 2 are used 
as handshake signals between the peripheral and the 
CPU . Thes e handshake signals are designated STB, BF, 
and INTR. Timing parameters and timing diagrams are 
detailed under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low inter- 
rupt from the I/O to the CPU. In strobed input 
mode, the CPU reads the valid data at port A to 
clear the interrupt. In strobed output mode, the 
CPU clears the interrupt by writing to port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled or 
disabled respectively, by setting (=1) or clear- 
ing ( = 0) the output data l atch of bit 2, port C. 
Port bit PC2 is used as the STB input. Since PC2 
is always an input during strobed mode of oper- 
ation, its output data latch is not needed. There- 
fore, during strobed mode of operation it is 
internally gated with the interrupt signal to gen- 
erate the INTR output. Reset clears this bit to 
^ zero, so it must be set to one to enable the I NTR 
pin for strobed operation. Once the strobed 
mode of operation is programmed, the only way 
to change the output data latch of PC2 is by 
using the Bit-Set and Clear instructions. The 
port C byte write command will not alter the out- 
put data latch of PC2 during the strobed mode 
of operation. 


STB (Strobe) is an active-low input from the 
peripheral device, signaling that data-transfer 
is about to begin. This strobe is interpreted as 
an “output request” if port A is in a strobed out- 
put mode, or as a “data-valid” signal if port A is 
in strobed input mode. 

BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com- 
plete. In strobed input mode, this strobe in- 
dicates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode, BF indicates 
that the request from the peripheral has been 
processed by the CPU and the valid data now 
appears in port A. 

Note: In either input or output mode BF may be cleared by rewriting mode 
definition register. 

The bits of port C that are used for handshake control of 
port A (bits CO, C1 and C2) must be direction-defined ap- 
propriately in the DDR. Also, the DDR of port A must be 
consistent with the mode specified in the MDR. Register 
set-up configurations for the three handshake modes are 
illustrated in Table IV. 

TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 


Mode 

MDR 

DDR 

Port A 

DDR 
Port C 

Strobed 

Input 

xxxxxxOI 

00000000 

xxxOII 

Strobed 

Output 

(Active) 

xxxxxOII 

11111111 

xxxOII 

Strobed 

Output 

(TRI-STATE) 

xxxxxlll 

11111111 

xxxOII 



Strobed Input (Mode 1) 

During strobed input operati ons, an external device can 
load data into port A with the STB signal. Data is input to 
the P AO-7 input latches on the leading (negative) edge of 
STB, ca using BF to go high (true). On the trailing (positive) 
edge of STB the data is latched and the interrupt signal, 
INTR, becomes valid indic ating to the CPU that data is 
available for reading. INTR will become valid only if the in- 
terrupt is enabled, that is the output data latch for PC2 is 
true. 

When the CPU reads port A, addres s X’O O, the trailing 
edge of the RD strobe causes BF and INTR to become in- 
active, indicating that the strobed input cycle has been 
completed. 

Strobed Output (Mode 2) 

During strobed output operati ons, an external device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CP U writ ing to I/O address X’OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
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NSC810A Functional Description (Continued) from port C (PC3, PC4, and PCS) are automatically made 


device. When the external devic e is re ady t o accept the 
data in port A it pulses the STB signal. ST B will reset BF 
with its rising edge and also activates the INTR signal. 

INTR in this mode indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 

Strobed Output— TRI-STATE Mode (Mode 3) 

The strobed output TRI-STATE mode and the strobed out- 
put active (peripheral) bus mode function in a similar man- 
ner with one exception. The exception is that the data 
signals on PAO-7 assume the high i mped ance state at all 
times except when accessed b y the STB signal. Thus, in 
addition to its timing function, STB activates port A out- 
puts to active logic levels. This mode 3 operation allows 
other data sources, in addition to the NSC810, to feed a 
common external device. 

TIMERS 

The two timers in the RAM-l/O-timer are 16-bit binary 
down-counters, each timer having six modes of operation. 
Full count is reached at “n + 1", where “n” is the value 
loaded into the modulus register. Read and write com- 
mands can occur at anytime, asynchronous to timer oper- 
ation by addressing the timer read buffer or modulus 
register, respectively. Each timer has a mode register and 
a write-only start/stop register. Each timer also has a 
prescaler which divides the incoming clock signal by a 
programmable value, extending the effective ranges of the 
timers while maintaining 16-bit precision. Selected timer 
outputs are -r- 1 or +2fortimer 1, and •^- 1, -f-2, or -r- 64, for 
timer 0. A diagram representing one timer and associated 
registers is shown in Figure 3. 

TIN, TOUT, AND TG 

Timer 0 has dedicated pins for its ciock, TOIN, and its out- 
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1 . If mode 1 , 2, 3, 4, 5, or 6 is specified in TMR 1 , the pins 


avaiiabie to the timer(s) for gating (TG), T1IN, and T10UT, 
respectively. These pins are aiso taken from port C any time 
timer 0 is in mode 2, 3, or 4. This is aiso automatically ac- 
complished by writing TMR 0. In order to reconfigure pins 
PC3, PC4, PCS to their originai configuration as standard 
I/O, the timer mode registers must be reset by selecting 
mode 0 or 7. 

TG (PC3), the timer gate, is used to hardware controi the 
starting/stopping (or triggering) of the timers. The timer 
gate may be used individuaily by either timer or simul- 
taneously by both timers. 

For modes 2 and 3, the timer starts on the gate-active tran- 
sition assuming the start address was previously written. 
If the timer gate makes an active transition priorto a write 
to the start address, the trailing edge of the WR strobe 
starts the timer. However, for mode 4 the timer always 
waits for an active gate edge following a write to the start 
address. 

The DDR for port C must be programmed with the correct 
I/O direction for TG and the input and output of timer 1. 
See Table V for programming examples. 

TIMER MODES 

The low-order three bits (bits 0, 1, 2) of the timer mode 
registers (TMR) define the mode of operation for the 
timers. Each TMR may be written to, or read from, at any 
time. However, to ensure accurate timing, it is important to 
modify the mode of the timer only when the timer is 
stopped. Inputs of 000 or 1 1 1 will define a NOP (no opera- 
tion) mode, the timer is stopped and the output is inactive. 
Inputs of 001 through 110 will select one of six distinct 
timer functions. 

In the explanations that follow, assume that the modulus 
for the timer is loaded with the appropriate value by 
writing to the low and high bytes of each timer (I/O ad- 
dresses X’10 and X’11 for timer TO and X’12 and X’13 for 
timer T1). Assume also that the timer is started by writing 
the I/O address X’15 (TO) or X’17 (T1) and the prescaler Is 
not selected. 



FIGURE 3. Timer Internal Block Diagram (One of Two) 
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Mode Register Bit 


7 6 5 4 3 2 1 0 


TABLE V. TIMER PROGRAMMING SELECTION EXAMPLE 


Mode Description 


X 

X 

X 

X 

X 

0 

0 

0 

0 

X 

0 

0 

0 

0 

0 

1 

1 

X 

0 

1 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 TIMER 

1 





X 

X 

X 

X 

X 

1 

1 

1 

0 

X 

0 

X 

0 

0 

0 

1 

1 

0 

1 

X 

1 

1 

0 

1 

0 

1 

0 

X 

0 

0 

1 

1 


Single/Double 

Precision 

S/D 


Prescale 

Value 




Port C DDR 


5 4 3 2 1 0 


X X X X X 
X X X X X 


I 


1 0 0 X X X 
1 0 0 X X X 


X X X X X X 
1 0 0 X X X 
1 0 0 X X X 
1 0 0 X X X 


Event Counter (Mode 1, TMR Bits = 001) 

In the non-gated mode, the count is decremented for each 
clock period at the input of the timer (see Figure 4a). When 
the count reaches zero, the output goes valid and remains 
valid until the timer count is read by the CPU, or the timer is 
halted. 

The timer is reloaded at the terminal count ( = 0) with the 
modulus and continues to decrement even when the out- 
put is valid. 

Accumulative Timer (Mode 2, TMR Bits = 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con- 
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid until the count is read by the CPU 
or the timer is halted. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 

Restartable Timer (Mode 3, TMR Bits = 011) 

In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until 
the gate again becomes active (see Figure 4c). If the timer 
is read when the gate is inactive, you will always read the 
value the timer has counted down to, not the value the 
timer has been reloaded with. The timer restarts at its 
modulus value. The prescaler is not reset at this time. 

At terminal count the output becomes valid and the timer 
is reloaded. The timer will continue to run as normal, the 
only difference is the output is valid. Once the output is 
valid it remains valid until the count is read by the CPU or 
the timer is halted. 

Note: The gate inactive time must be longer than the high time of the in- 
ternal clock on the chip. Therefore, with 64 prescale selected the gate 
inactive time must be 33 input clocks or greater. 


One Shot (Mode 4, TMR Bits = 100) 

In this gated nnode, the timer holds the modulus count un- 
til the active gate edge (see Figure 4d). The output immedi- 
ately becomes valid and remains valid as the counter 
decrements. The gating signal may go inactive without af- 
fecting the count. If TG (the gate) becomes inactive and 
returns active prior to the terminal count, the modulus will 
be reloaded, retriggering the one shot period. When the 
timer reaches the terminal count, the output becomes in- 
active. The gate, in this mode, is edge sensitive; the active 
edge is defined in TMR. 

Note: The one shot cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it 
cannot be retriggered during the last clock, in divide by 2 prescaler, during 
the last two, clocks and divide by 64 prescaler, during the last 64 clocks. 


Square Wave (Mode 5, TMR Bits = 101) 

In this non-gated mode, the output will go active as soon 
as the timer is started. The counter decrements for each 
clock period and complements its output when zero is 
reached (see Figure 4e). The modulus is then reloaded and 
counting continues. Assuming a regular clock input, the 
output will then be a square wave with a period equal to 
twice the value loaded into the modulus. Therefore, vary- 
ing the modulus will vary the duty cycle of the square 
wave. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the begin- 
ning of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 


Pulse Generator (Mode 6, TMR Bits = 110) 

In this non-gated mode, the counter decrements for each 
clock period (see Figure 4f). When the timer decrements to 
zero, the output becomes valid for one clock width. 
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NSC810A Functional Description (Continued) 

With a prescaie of divide by 2 the output wiii be vaiid for 
one ful i ciock and with divide by 64 prescaie the output will 
be valid for 32 clocks. The modulus is then reloaded and 
the sequence is repeated. Varying the modulus value will 
vary the frequency of the pulse. 


Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the begin- 
ning of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 


Timer Mode Examples (Modulus register is loaded with 0004 for these examples) 




|-« -I — ONE CYCLE 














RU 

(ADDRESS TIMER) 



1 



GATE 

(AnTIVF-HIRH) 


■■HI*! 

1 

HiHE 



L 

1 



OUTPUT 

(ACTIVE-LOW) 

H 


TL/C/5517-17 


FIGURE 4c. Restartable Timer (Mode 3) 



12-74 



Timer Mode Examples (Continued) (Modulus register is loaded with 0004 for these exampies) 


WR 

(ADDRESS START) 


OUTPUT 
(ACTIVE LOW) 



FIGURE 4e. Square Wave (Mode 5) 


OUTPUT 
(ACTIVE LOW) 



FIGURE 4f. Pulse Generator (Mode 6) 


TIMER CLOCK FOR 
NON-GATED MOOES 
(1.5, 6) 

TG (GATING SIGNAL) 
(TMR6 = 0) 

TIMER CLOCK FOR 
GATED MODES 
(2. 3, 4) 



INTERNAL TIMER ACTIVE 


Note; Diagonal lines Indicate interval of invalid data. 
For mode 4 (one shot), only start-timing appiies 
twST~WR set-up for starting timer 150 ns 


twSP — WR set-up for stopping timer 150 ns 
•GST— TG (gate) set-up for starting timer 100 ns 
tGSP~TG (gate) set-up for stopping timer 100 ns 


FIGURES. Start/Stop Timing 


TIMER MODE REGISTER 

The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is impor- 
tant to modify the mode when the timer is stopped. The 
timer mode is seiected from one of six modes with TMR 
bits 0, 1 , and 2. Bits 3 and 4 select the prescale value if the 
prescaler is to be used. Bits 5, 6 and 7 seiect the read/write 
mode, gate input polarity, and output sense (active-high or 
iow). The bit functions of the TMR are further illustrated in 
Figure 6. 


TABLE VI. MODE SELECTION 


TMR 7 6 5 4 3 2 1 0 



TIMING MODE 
PRESCALE VALUE 
SINGLE/DOUBLE PRECISION 
GATE INPUT POLARITY 
OUTPUT SENSE 


FIGURE 6. Timer Mode Register 


BIT 210 

Timer Function 

0 0 0 

— Timer Stopped and Reset 

0 0 1 

— Event Counter 

0 1 0 

— Event Timer (Stopwatch) 

0 1 1 

— Event Timer (Resetting) 

1 0 0 

— One Shot 

1 0 1 

— Square Wave 

1 1 0 

— Pulse Generator 

1 1 1 

— Timer Stopped and Reset 


Timer Prescaler 

There is a prescale function associated with each timer, it 
serves as an additional divisor to lengthen the counts for 
each timer circuit. The value of the divisor is fixed and 
selectabie in each TMR. 
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The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN): so, TOUT will be prescaled by the same value as the 
timer. Although the 16-bit prescaled count of the timer may 
be read, the internal value of the prescaler cannot be read 
by the user. A “00” for either timer represents -4-1 (no 
prescale). Timer 0 has the two possibilities of -7-2 or 

Timer Bit 4 3 Prescale 

0 0 -1 

0 1 -7-2 

1 1 -^64 

Timer 1 has only the 2 prescale available; TMR bit 4 is a 
“don’t care.” 

Timer Bit 4 3 Prescale 

X 0 • -^1 

X 1 -7-2 

Single/Double Precision 

Atwo-byte word (or a single byte when one byte is a “don’t 
care”) may be read from or writen to the timers. To program 
the timer buffers, TMR bit 5 must be set as follows; 

0— Double byte read or write low byte first, then high 
byte. The order of low byte first, high byte second 
must be maintained for proper Read/Write 
communications. 

1— Single byte read or write low byte only— high byte 
“don’t care” or high byte only with low byte “don’t 
care.” 

The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both 
bytes. The following example clearly illustrates this point. 
If the timer had a value of 200 when the low byte was read 
and then decremented to IFF before the high byte was 
read then the double byte mode would have read 00 and 02, 
respectively. The single precision mode would have read 
00 and 01. 

Note: In the double precision mode, the high byte should be read Im- 
mediately after the low byte. Do not access any other registers or unused 
address location between the reads. 

Gate Input Polarity 

TheTG input is the hardware control for starting and stop- 
ping the timers. For modes 2 and 3, the timer starts on the 
gate-active transition assuming the start address was 
previously written. If the timer gate makes an active transi- 
tion prior to a write to the start address, the trailing edge of 
the WR strobe starts the timer. However, for mode 4 the 
timer always waits for an active gate edge following a 
write to the start address. 

The polarity of the gate input may be selected by the con- 
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal 
will be active-high or positive edge for mode 4; if bit 6 
equals 1, the gate polarity will be active-low or negative 
edge for mode 4. 


Timer Output Polarity 

Like the gating function, the polarity of the output signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active-high 
output. 

The output for T1 is multiplexed with port C, bit 5. (Simi- 
larly T1 IN is multiplexed with port C, bit 4.) When any timer 
modeotherthan 0or7 is specified forT1,orwhen mode 2, 
mode 3, or mode 4 is specified for TO, the three port C pins, 
bit 3, bit 4, and bit 5, become TG, T1IN and T10UT, 
respectively. 

TIMER PROGRAMMING 

The proper sequence to program the timer is as follows: 

1. Write timer mode register with mode 0 or 7 selected. 
This stops the timer, resets the prescaler, and sets internal 
clock high. 

2. Write timer mode register again, this time setting it up 
to your requirements. 

3. Write the modulus values, low byte first, high byte 
second. 

4. Start the timers. 

The timer output latches are only updated when the inter- 
nal timer clock gets an active transition. The internal timer 
clock is defined as the output of the prescaler. Therefore, it 
is impossible to read back the value just written to the 
timer unless you have an active transition on the internal 
clock. 

To guarantee the integrity of the data during a read opera- 
tion, updates to the timer output latches are blocked out. If 
an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If con- 
tinuous reads were made to the timers and an update was 
blocked out it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
occurred, the next update would occur at FD, thereby giv- 
ing an appearance of the count FE being skipped. In ac- 
tuality the correct number of clocks has occurred for the 
timer to read FD. 

Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written 
will get into the timer when the timer hits its terminal 
count and reloads its value. If the timer is stopped and a 
modulus is written the new modulus value will get into the 
timer only if the internal clock is high for some period 
before the start command. If it does not go high then the 
next time the timer hits its terminal count it will load the 
new modulus. One way to guarantee the data will get into 
the timer immediately is to follow steps 1-4. Although this 
procedure guarantees that the data will get into the timer 
you will not be able to read it back until you get an active 
transition on the internal clock. 

Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have internal clock signal be high for some period be- 
tween the write of the mode register and the start of the 
timer. Once again steps 1 through 4 will reset the 
prescaler. 
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NSC810A/883B MIL-STD-883 
Class B Screening 

National Semiconductor offers the NSC810AD and 
NSC810AE with fuil class B screening per MIL-STD-883B 
for Military/Aerospace programs requiring high reliability. 
In addition, this screening is available for all of the key 
NSC800 peripheral devices. 


Electrical testing is performed in accordance with 
RETS81 OAX, which tests or guarantees ail of the electrical 
performance characteristics of the NSC810A data sheet. 
A copy of the current revision of RETS810AX is avaiiable 
upon request. The foiiowing tabie is the MIL-STD-883 flow 
as of the date of publication. 


Burn-In Circuit 


Test 

MIL-STD-883 Method/Condition 

Requirement 

Internal Visual 

2010 B 

100% 

Stabilization Bake 

1008 C 24 Mrs. @ -h150*C 

100% 

Temperature Cycling 

1010 C 10 Cycles -65'C/ -h 150‘C 

100% 

Constant Acceleration 

2001 E 30,000 G’s, Y1 Axis 

100% 

Fine Leak 

1014 B5x10~® 

100% 

Gross Leak 

1014 C 

100% 

Burn-In 

1015 160 Hrs. @ + 125 °C (using 
burn-in circuits shown below) 

100% 

Final Electrical 

+ 25"C DC per RETS810AX 

100% 

PDA 

10% Max 



- 1 - 125”C AC and DC per RETS810AX 

100% 


- 55 'C AC and DC per RETS810AX 

100% 


+ 25°C AC per RETS810AX 

100% 

QA Acceptance 

Group A (sample, each lot) 


Quality Conformance 

Group B (sample, each 

inspection lot) 

Group C (sample every 90 days 

per microcircuit group) 
Group D (sample every 6 months 

per package type) 


External Visual 

2009 

100% 


5242HR 

NSC810AD/883B (Dual-ln-Llne) 


Timing Diagram 


1 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


Input Clocks 


2 (is- « ► 8 ns »--«-* 2 ii% 

4.5V 1 1 ^ 


2 8 ^ 


3 m I |^3 I — 7 fiS— 


-6 /iS — ►! — 1 fis 

IO/jS ► 


Notel: All resistors ±5%, 1/4 watt unless otherwise designated, 125'C 
operating life circuit. 

Note 2: E package burn-ln circuit 5244HR Is functionally Identical to the 
D package. 

Note 3: All resistors 2.7 kf] unless marked otherwise. 

Note 4: All clocks OV to 4.5V. 

Note 5: Device to be cooled down under power after burn-in. 
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NSC810A 


Ordering Information 


NSC810AX XXX 



/A+ =A+ Reliability Screening 
/883 = MIL-STD-883B Screening (Note 1) 

I = Industrial Temperature ( - 40°C to + 85°C) 

M = Military Temperature ( - 55°C to + 125°C) 

No Designation = Commercial Temperature (0°C to 70°C) 

- 1 = 1 MHz Clock Output (Note 2) 

-4 = 4 MHz Clock Output . 

No Designation = 2.5 MHz Clock Output 

D = Ceramic Package 

J = CERDIP Package (availability to be announced) 

N = Plastic Package 

E = Ceramic Leadless Chip Carrier (LCC) 

V = Plastic Leaded Chip Carrier (PCC) (availability to be announced) 


Note 1; Do not specify a temperature option; all parts are screened to military temperature. 

Note 2: - 1 part only available in D-1, N-1, D-1I, N-1I, V-1, V-1I 

EXAMPLES 

NSC810AE-4/883 
NSC810AN 
NSC810AD-1I/A + 


Rellabillty Information 

Gate Count 4000 

Transistor Count 14,000 


) 
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National 

Semiconductor 


microCMOS 


NSC830 ROM-l/0; NSC831 I/O Only 


General Description 


The NSC830 is a ROM-l/0 device contained in a standard 
40-pin, dual-in-line package. The chip, which is fabricated 
using microCMOS silicon gate technology, functions as a 
memory, and an input/output peripheral interface device. 
The memory is comprised of 16,384 bits of ROM organized 
as 2048 X 8. The I/O portion consists of 20 programmable 
input/output bits arranged as three separate ports, with 
each bit individually definable as an input or output. The 
port bits can be set or cleared individually and can be writ- 
ten to or read from in bytes. Several types of strobed mode 
operations are available through Port A. 

The NSC831 I/O Only is similar to the NSC830 except it has 
no ROM. The NSC831 is useful for prototyping work prior to 
ordering the NSC830, and when on-chip ROM is not 
required. 


For military applications the NSC831 is available with class 
B screening in accordance with methods 5004 of MIL-STD- 
883. 


Features 

■ 2Kx 8 read only memory 

■ Three programmable I/O ports 
B Single 5V Power Supply 

■ Very low power consumption 

■ Fully static operation 

H Single-instruction I/O bit operations 
□ Directly compatible with NSC800 family 
B Strobed modes available on Port A 




CLK XOUT 

XIN 

Vcc gnd 

iNTR 


AD0-A07 

RSTA, B, C 
NMI 

INTA 


A8-A15 

SO 



SI 


RO 

RFSit 

BREQ 

NSC8QQ 

CPU 

WR' 

ALE 

BACK 


IQ/M 

WAIT 


RESET OUT 

PS 



RESET IN 






NSC810A 
re ram 

_ I/O 

TIMER 
WR 


TIMER 0 IN 
TIMER 0 OUT 


Vcc GND 
AD0-AD7 


CEg NSC830 
ROM 
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NSC830, NSC831 


Absolute Maximum Ratings 


Operating Range Vcc = 5v±ioo/o 


Storage Temperature Range -65°C to + 150°C 

Voltage at Any Pin With 

Respect to Ground -0.3V to Vqc + 0.3V 

Vcc 7V 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation 1W 


Ambient Temperature 
Military 
Industrial 
Commercial 


-55°C to +125°C 
-40°C to +85°C 
0°C to +70°C 


Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. Continuous operation at these limits is 
not intended; operation should be limited to those conditions specified under 
DC Electrical Characteristics. 


DC Electrical Characteristics TA=-55‘>c to +i 25 °c, Vcc= sv ±10 %, gnd=ov, unless otherwise specified 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical 1 Input Voltage 


0.7 Vcc 


< 

o 

o 

V 

V|L 

Logical 0 Input Voltage 


0 


0.2 Vcc 

V 

Vqh 

Logical 1 Output Voltage 

Iqh “ —1.0 mA 

2.4 



V 

Iqut = “10 

Vcc - 0.5 



V 

Vql 

Logical 0 Output Voltage 

Iql = 2 mA 

0 


0.4 

V 

louT = 10 /iA 

0 


0.1 

V 


Input Leakage Current 

0 < V|M < Vcc 

-10.0 


10.0 

fzA 


Output Leakage Current 

0 < V|M < Vcc 

-10.0 


10.0 

nA 


Active Supply Current 

Iqlit = 0i IwcY = 750 ns 


8 

10 

mA 


Quiescent Current 

No Input Switching, Xa = 25°C 


10 

100 

IxA 

C|N 

Input Capacitance 

1 


4 

7 

PF 

Cqut 

Output Capacitance 



6 

10 

PF 

< 

0 

0 

Power Supply Voltage 


2.4 

5 

6 

V 


Low Voltage Operation Preliminary 


Voltage 

NSC831-1 

NSC831 

NSC831-4 

Units 

2.4 

— 

500 

500 

kHz 

3.0 

— 

1 

1 

MHz 


loo vs. SPEED 



IwCY (ns) 

0 12 3 4 

NSC 800 CLOCK SPEED* (MHz) 


•WHEN NSC830/NSC831 IS USED WITH NSC800 tl;c;5594-2 
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AC Electrical Characteristics vcc=5v ±ioo/o.gnd=ov 

Valid for the following temperature and speed: 
NSC830-1, NSC831-1: 0°C to +70°C 

-40°Cto +85°C 

NSC830, NSC831: 0°Cto +70“C 

-40°Cto +85°C 
-55°C to + 125°C 

NSC830-4, NSC831-4: 0°C to +70°C 

-40°Cto+85°C 
-55°C to +125°C 
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NSC830, NSC831 


AC Testing Input/Output Waveform AC Testing Load Circuit 





TL/C/5517-3 


DEVICE 

UNDER 

TEST 


X 

T 


150 pF 


TUC/5517-4 


General Timing Waveforms 


Read Cycle (Read from ROM or Port) 



Note; Diagonal lines Indicate interval of invalid data. Tuc/5594.11 


Write Cycle (Write to Port) 
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ACTIVE (MODE 2) 


TRI-STATE (MODE 3) 


Note: Diagonal lines indicate interval of invalid data. 
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NSC830 Functional Pin Description 

The following describes the function of all NSC830 input/ 
output pins. Some of these descriptions reference internal 
circuits. 

INPUT SIGNALS 

Master Reset (RESET): An active-high input on the 
RESET pin initializes the chip causing the three I/O ports (A, 
B and C) to revert to the input mode. The three ports, the 
three data direction registers and the mode definition regis- 
ter are reset to low (0). 

Input/Output/Memory Select (lO/M): The lO/M pin is a 
latched, select input line. A high (1) input selects the I/O por- 
tion of the chip; a low (0) input selects the ROM portion of 
the chip. The select input is latched by the trailing edge 
(high to low transition) of the ALE signal. 

Chip Enable (CEq/CEo, IOR/CE 1 /CE 1 ): The chip enable 
inputs are mask programmable at the factory. The CE 
inputs permit the use of multiple NSC830s in a system with- 
out using a chip select decoder. The CE inputs must be 
active at the falling edge of ALE. At ALE time, the CE in puts 
are latched to provide access to the NSC830. The lOR inp^ 
performs the same function as the combination of lO/M 
input high and the RD input low. 

Read (RD): When the RD (or the lOR, when mask pro- 
grammed) input is an active low, dat a is read from the 
AD0-AD7 bus. When both ^ and lOR are high, the 
AD0-AD7 bus is in the high impedance state. 

Write (WR): When the CE inputs are active, and the lO/M 
input is high, an active low WR input causes the selected 
output port to be written with the data from the AD0-AD7 
bus. 

Address Latch Enable (ALE): The trailing edge (high to 
low transition) of the ALE input signal latches the address/ 
data present on the ADO-^7 bus , A8- A10 bus, plus the 
input control signals on lO/M, CEq/CEq, and CEi/CE^. 

Address Bus A8-A10: The high-order bits of the ROM 
address are input on this 3-bit bus and are latched by the 
high-to-low transition of the ALE input. These bits do not 
affect the I/O operations. 

Power (Vcc): 5V power supply. 

Ground (Vss): Ground reference. 

INPUT/OUTPUT SIGNALS - 

Bidirectional Address/Data Bus AD0-AD7; The lower 8 
bits of the ROM or I/O address are applied to these pins, 
and latched by the trailing edge of ALE. During read opera- 
tions, 8 bit s are present on these pins, and are read when 
RD or lOR is low. During an I/O write cycle. Port A, B, or C is 
writte n wit h the data present on this bus at the trailing edge 
of the WR strobe. 

Ports A, B, C (PA0-PA7, PB0-PB7, PC0-PC3): These are 
general purpose I/O pins. Their input/output direction is 
determined by the contents of the Data Direction Register 
(DDRs). 


Connection Diagrams 



TOP VIEW TL/C/5594-3 


*Pin 6 is mask programmable as CEq or CEq- 
Pin 8 is mask programmabie as IOR, CE,, or C^. 



TOP VIEW TL/C/5594-4 

*Tie pins 2. 3, and 4 to either Vqq or Vgs- 

See NS Package D40C, J40A or N40A 
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Connection Diagrams (Continued) 


RESET • • • PAD NC Vcc PA1 PA2 PAS PA4 


CEO C 

□ 7 5 

4 

3 2 1 44 43 

Vcc C 

□ 8 


• 

cP d 

□ 9 


NSC831 

RD r 

□ 10 



WR [I 

□ 11 






"E" AND "V" 

NC d 

□ 12 


PACKAGE 

ALE L 

□ 13 



ADO C 

□ 14 



ADI 5 

□ 15 



ADZ S 

□ 16 



AD3 E 

□ 17 19 

20 

21 22 23 24 25 


AD4 ADS AD6 AD7 Vss NC PB7 PBS PBS PB4 PBS 


NC = NO CONNECT 


See NS Package ED44A or V44 


NSC830 Functional Description 

Refer to Figure 1 for a detailed block diagram of the 
NSC830, while reading the following paragraphs. 

Read Only Memory (ROM): The memory portion of the 
ROM-l/0 is accessed by an 11-bit address input to pins 
AD0-AD7 and A8-A10. The lO/M input must be low (ROM 
select) and the chip enable pins in the active programmed 
state at the falling edge of ALE to address the ROM. Timing 
for ROM read and write operations is shown in the timing 
diagrams. 

Input/Output (I/O): The I/O portion of the NSC830 con- 
tains three sets of I/O called Ports. There are two ports (A 
and B) which contain 8 bits each and one port (Port C) which 
has 4 bits. Any bit or combination of bits in a port may be 
addressed with Set or Clear commands. A port can also be 
addressed as an 8-bit word (4 bits for Port C). When reading 
Port C, bits 4-7 will be read as ones. All ports share com- 
mon functions of Read, Write, Bit-Set and Bit-Clear. 
Additionally, Port A is programmable for strobed (hand- 
shake) mode input or output. Port C has a programmable 
second function for each bit associated with strobed modes. 
Table 1 defines the address location of the ports and control 
registers. 



Note: Applicable pinout for 40-pin dual-in-line package within parentheses. 

FIGURE 1. NSC830 Block Diagram 
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Table 1. I/O and Address Designations 


7 

6 

8-Bit Address Field 

Bits 

5 4 3 2 

1 

o' 

Designation 

I/O Port, etc. 

R (Read) 

W (Write) 

X 

X 

X 

X 

0 

0 

0 

0 

Port A (byte) 

R/W 

X 

X 

X 

X 

0 

0 

0 

1 

Port B (byte) 

R/W 

X 

X 

X 

X 

0 

0 

1 

0 

Port C (byte) 

R/W 

X 

X 

X 

X 

0 

0 

1 

1 

Not Used 

— 

X 

X 

X 

X 

0 

1 

0 

0 • 

DDR — Port A 

W 

X 

X 

X 

X 

0 

1 

0 

1 

DDR — Port B 

w 

X 

X 

X 

X 

0 

1 

1 

0 

DDR — Port C 

w 

X 

X 

X 

X 

0 

1 

1 

1 

Mode Definition Register 

w 

X 

X - 

X 

X 

1 

0 

0 

0 

Port A — Bit Clear 

w 


X 

X 

X 

1 

0 

0 

1 

Port B — Bit Clear 

w 


X 

X 

X 

1 

0 

1 

0 

Port C — Bit Clear 

w 


X 

X 

X 

1 

0 

1 

1 

Not Used 

— 


X 

X 

X 

1 

1 

0 

0 

Port A — Bit Set 

w 

mM 

X 

X 

X 

1 

1 

0 

1 

Port B — Bit Set 

w 

X 

X 

X 

X 

1 

1 

1 

0 

Port C — Bit Set 

w 

X 

X 

X 

X 

' 1 

1 

1 

1 

Not Used 

— 


Note: X = don't care 


MODE DEFiNiTION REGiSTER (MDR) 

The Mode Definition Register (MDR) defines the operating 
mode for Port A. While Ports B and C are always in the 
basic I/O mode, there are four operating modes for Port A: 
Mode 0 — Basic I/O (Input or Output) 

Mode 1 — Strobed Mode Input 
Mode 2 — Strobed Mode Output 

• Active Peripheral Bus 
Mode 3 — Strobed Mode Output 

• TRI-STATE (high impedance) 

Peripheral Bus 

The MDR has the I/O address assignment XXX00111. The 
bit configuration for the mode selection is illustrated below; 


Mode 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 

0 

X 

X 

X 

X 

X 

X 

X 

0 

1 

X 

X 

X 

X 

X 

X 

0 

1 

2 

X 

X 

X 

X 

X 

0 

1 

1 

3 

X 

X 

X 

X 

X 

1 

1 

1 


Note: X = don’t care 


DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (DDR) which 
defines the I/O state of the bit. The bit is configured as an 
input if a “0” is written into its DDR, or as an output if a “1 ” 
is written. The DDR bits cannot be individually written to; 
the entire DDR byte’ is affected by a write to the DDR 
address. Thus all data must be consistent with the direction 
desired for each port. 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a read 


of a port bit defined as an output will cause a read from the 
output latch, and a write to a port bit defined as an input will 
modify the output latch. 

PORT FUNCTIONS — BASIC I/O 

Basic I/O is the mode of operation of Ports B and C and 
mode 0 of Port A (defined by the MDR). Read, write, and bit 
operations can be executed in the basic I/O mode. The tim- 
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 

When a read occurs the information is latched from ^ 
peripheral bus on the leading (faliing) edge of the RD 
strobe. When a write occurs the port bus is modified after 
the trailing (rising) edge of the WR strobe with data from the 
AD bus. Port output dat a rem ains valid on the output pin 
from on e trai ling edge of WR strobe to the trailing edge of 
the next WR strobe. 

BIT OPERATIONS 

The I/O features of the ROM-l/0 allow modification of a sin- 
gle bit or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data o n th e address/ 
data bus is latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing “1s” will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with "Os” cause the corre- 
sponding port bits to remain unchanged. Three sample 
operations are given, using Port B as an example: 


Operation 

Set B7 

Bit B2 
and BO 

Set B4, B3 
and B1 

Address 

XXX01101 

XXX01001 

XXX01101 

Data 

Port Pins 

10000000 

ooOooioi 

00011010 

Prior State 

00001111 

10001111 

10001010 

Next State 

10001111 

10001010 

10011010 
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INTERNAL 

DATA BUS WR (SET) 



FIGURE 2. Block Diagram for Port Bit (i) 


PORT A — STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intelli- 
gent peripherals. When Port A is in mode 1, 2, or 3 (see 
description of MDR), Port C pins 0, 1, and 2 are used as sig- 
nals to and from the peripheral and to the CPU, controlling 
hands hake operatio ns. Th ese control signals are desig- 
nated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low interrupt 
from the I/O to the CPU. In strobed input mode, 
the CPU reads the valid data at Port A to clear the 
interrupt. In strobed output mode, the CPU clears 
the interrupt by writting to Port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled or 
disabled respectively, by setting ( = 1) or clearing 
( = 0) the output data l atch o f bit 2, port C. Port bit 
PC2 is used as the STB input. Since PC2 is 
always an input during strobed mode of opera- 
tion, its output data latch is not needed. There- 
fore, during strobed mode of operation it is 


internal ly gat ed with the interrupt signal to gener- 
ate the INTR output. Reset clears thi s bit t o zero, 
so it must be set to one to enable the INTR pin for 
strobed operation. Once the strobed mode of 
operation is programmed, the only way to change 
the output data latch of PC2 is by using the Bit- 
S6t and Clear instructions. The Port C byte write 
command will not alter the output data latch of 
the PC2 during the strobed mode of operation. 

STB (Strobe) is an active-low input from the peripheral 
device, signaling that data transfer is about to 
begin. This strobe is interpreted as an “output 
request" if Port A is in a strobed output mode, or 
as a "data valid” signal if Port A is in strobed 
input mode. 

BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com- 
plete. In strobed input mode this strobe indicates 
that data is received into Port A and that no fur- 
ther data should be transmitted by the peripheral 
device until the port has been read (emptied). In 
strobed output mode the BF indicates that the 
request from the peripheral has been processed 
by the CPU and the valid data now appears in 
Port A. 

The bits of Port C that are used for handshake control of 
Port A (bits CO, Cl, and C2) must be direction-defined 
appropriately in the DDR. Also, the DDR of Port A must be 
consistent with the mode specified in the MDR. Register 
set-up configurations for the three handshake modes are 
illustrated in Table 2. 


Table 2. Mode Definition' Register Configurations 


Mode 

MDR 

DDR 

Port A 

DDR 
Port C 

Port C 
Output 
Latch 

Strobed 

input 

XXXXXX01 

00000000 

XXX011 

XXXI XX 

Strobed 

Output 

(Active) 

XXXXX011 

11111111 

XXX011 

XXXI XX 

Strobed 

Output 

(TRI- 

STATE) 

XXXXX111 

11111111 

XXX011 

XXXI XX 
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NSC831/833B MIL-STD-883 
Class B Screening 

National Semiconductor offers the NSC831D and NSC831E 
with full class B screening per MIL-STD-883B for Military/ 
Aerospace programs requiring high reliability. In addition, 
this screening is avaiiable for all of the key NSC800 periph- 
eral devices. 


Electrical testing is performed in accordance with RET831X 
which tests or guarantees all of the electrical performance 
characteristics of the NSC831 data sheet. A copy of the cur- 
rent revision of RET831X is available upon request. The fol- 
lowing table is the MIL-STD-883 flow as of the date of 
publication. 


100% SCREENING FLOW 


Test 

MIL-STD-883 Method/Condition 

Requirement 

Internal Visual 

2010B 

100% 

Stabilization Bake 

1008C 24 Mrs. @ 4 150°C 

100% 

Temperature Cycling 

1010C 10 Cycles -65®C/4 150°C 

100% 

Constant Acceleration 

2001 E 30,000 Gs, Y1 Axis 

100% 

Fine Leak 

1014B 5x10-® 

100% 

Gross Leak 

1014C 

100% 

Burn-In 

1015 160 Mrs. @ + 125°C (using burn-in circuits shown below) 

100% 

Final Electrical 

4 25°C DC per RETS831X 

100% 

PDA 

10% Max 



4 125°C AC and DC per RETS831X 

100% 


-55°C AC and DC per RETS831X 

100% 


4 25®C AC per RETS831X 

100% 

QA Acceptance 

Group A (sample, each lot) 


Quality Conformance 

Group B (sample, each inspection lot) 

Group C (sample, every 90 days per microcircuit group) 

Group D (sample every 6 months per package type) 


External Visual 

2009 

100% 


Burn-in Circuit 


Timing Diagram 


5243HR 

NSC831D/883B (Dual In-Line) 


CLOCK 1 


CLOCK 2 
CLOCK 3 


•— A/W— 




■A^V— 

wv— 

<•— vw- 

( 

( 

( i-^WV— 
»— AAAr-l 


5.5 Vdc 

—“I 10 

40 — WV-Hl 
39 -WV-ll 
38 —WV-Hl 
37 — WV-Hi 
36 “AAA^-H I 
35 — AA^-4 I 
34 — WV-H I 
33 — WVHI 
32 — ( I 
31 — WV-il 
30 — WVr-ii 
29 — AA^-h I 
28 — AAAr-< I 
27 — vWhi 
26 — » 

25 — WVrHl 
24 — t 
23 I 

22 — AAA"-( I 

21 — ( I 


Input Clocks 


2 

4.5V i 


CLOCK 1 


OV 

4.5V 


CLOCK 2 


OV 


3 iiS- 


4.5V 


CLOCK 3 


-8 n5- 


2 iiS- 


-8 Hi- 


k-3 ^s- 


-8 ni- 


2 fiS 


-2 ;iS 


n _ 


-7 liS- 


-10 nS- 


-1 /iS 


Note 1: All resistors ±5%, 'h watt unless otherwise designated, las^C 
operating life circuit. 

Note 2; E package burn-in circuit 5556HR is functionally identical to the 
0 package. 

Note 3: All resistors 2.7 kO unless marked otherwise. 

Note 4: All clocks OV to 4.5V 

Note 5: Device to be cooled down under power after burn-in. 
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APPROVED FORMATS FOR CUSTOM PROGRAMMED 
PARTS 

Input Medium: 

2716 EPROM 
2708 EPROM 
Paper Tape 


IMPORTANT — EPROM LABELING 

Only one customer program may be included in a single 
order. The following method must be used to identify the 
EPROMs comprising a program. 

a. The EPROMs used for storing a custom program are 
designated as shown: 

2716: Block A 0-2047 

2708: Block A 0-1023 

Block B 1024-2047 

b. All EPROMs must be labeled (stickers, paint, etc.) with 
this block designation plus a customer assigned print or 
identification number. 

Example: 

1. Customer Data 

• Custom Program Length — 2K 

• Medium — Two 2708s 

• Customer Print or I.D. No. C123-45 

2. EPROM Labels 


Cl 23-45 


Cl 23-45 

A 


B 

0-1023 


1024-2047 


Paper Tape 

Tapes may only be submitted in binary complement format. 
The following information should be written on the paper 
tape. 

Company Name 
Customer Print or I.D. No. 

NSC Part No. 

A Punch = (“1" or “0”) 

This is logic (POS or NEG) 


BINARY COMPLEMENT FORMAT 



Note 1: Tape must be blank except for the data words. 

Note 2: Tape must start with a rubout character. 

Note 3: Data is comprised of two words, the first being the actual data and 
the second. being the complement of the data. 


Verification 

You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 

You will be asked for a GO/NO GO response within one 
week after you receive the listing. 

VERIFICATION LISTING 

The verification listing has six sections: 

1. A cover sheet with provision for “STOP, DO NOT PRO- 
CEED” or “VERIFICATION CERTIFIED" signatures. 

2. Description of the options you have chosen. 

3. A description of the log designations and assumptions 
used to process the data, 

4. A listing of the data you have submitted. 

5. An error summary. 

6. A definition of the standard logic definitions for the ROM 
and the reduced form of the data. This list shows the out- 
put word corresponding to each address coded in binary. 
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ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 

The following information must be submitted with each custom ROM program. An order will not be processed unless it is accom- 
panied by this information. 


Person (Customer, Sales Representative, etc.) to whom 
Verification Package be sent: 

NATIONAL PART NUMBER AND PACKAGE 

Name 

ROM Letter Code (National Use Only) 

Company 

Customer Name and Location 

Address 

Customer Print or I.D. Number for this ROM Program 

City, State, and Zip Code 

Purchase Order Number 

Person (Customer) NS Can Contact for 

Technical Questions 

Device Marking Instruction (Unless otherwise instructed, 

NS will always mark devices with Date Code, National 

Part No., and ROM Code. Any additional marking should 
be shown below.) 

Telephone Number 

Sales Representative 

Customer Service Representative 

INPUT MEDIUM 

See following page for approved formats. Please check the 
medium you are using.' 

□ Paper Tape 

□ 2716 EPROM 

□ 2708 EPROM 

Total number of EPROMs 

OPTIONS FOR NSC830 ROM — I/O 

Option 1 = □ 

CEq Select, enter: 0 for CEq 

1 for CEq 

Option 2 = □ 

CE 1 /IOR Select, enter: 0 for lOR 

1 for CEi 

2 for CEi 
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Ordering Information 


NSC830XXX X X X X 



/A+ = A+ Reliability Screening 

I = Industrial Temperature (-40°C to +85°C) 

M = Military Temperature (-55®C to = +125“C) 

No Designation = Commercial Temperature (0°C to +70'’C) 

-1=1 MHz Clock Output (Note 1) 

-4 = 4 MHz Clock Output 
No Designation = 2.5 MHz Clock Output 

D = Ceramic Package 

J = Cerdip Package (Availability to be announced) 

N = Plastic Package 

E = Ceramic Leadless Chip Carrier (LCC) 

V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 
Unique ROM code (Alpha characters assigned by National) 


Note 1: -1 part only available in D-1, N-1, D-11, N-11, V-1, V-ll 
Examples 
NSC830XXX/N 
NSC830XXXyE-4/A + 


Reliability Information (NSC830) 

Gate Count* 2150 (min) 

2278 (max) 

Transistor Count* 8500 (min) 

24,884 (max) 

'Dependent on ROM program size. 


Ordering Information 


NSC831 X X X X 


/A+=A+ Reliability Screening 

/883 = MIL-STD-883B Screening (Note 1) 

I = Industrial Temperature (-40®C to + 85®C) 

M = Military Temperature (-55®C to = + 125°C) 

No Dpsignation = Commercial Temperature (0°C to +70°C) 

-1 = 1 MHz Clock Output (Note 2) 

-4 = 4 MHz Clock Output 
No Designation = 2.5 MHz Clock Output 

D = Ceramic Package 

J = Cerdip Package (Availability to be announced) 

N = Plastic Package 

E = Ceramic Leadless Chip Carrier (LCC) 

V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 


Note 1: Do not specify a temperature option: all parts are screened to military temperature. 
Note 2: -1 part only available in D-1, N-1, D-11, N-11, V-1, V-ll. 

Examples 
NSC831E-4/883 
NSC831N 
NSC831D-1I/A + 


Reliability Information (NSC831) 

Gate Count 1900 
Transistor Count 7400 
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NSC858 


PRELIMINARY 



Nah'onal 

Semiconductor 


NSC858 Universal Asynchronous 
Receiver/Transmitter 



General Description 

The NSC858 is a CMOS programmable Universal Asyn- 
chronous Receiver/Transmitter (UART) which includes a 
programmable baud rate generator on chip and is pack- 
aged in various 28-pin packages. The chip, which is fabri- 
cated using microCMOS silicon gate technology, functions 
as a receiver, transmitter, and an input/output interface for 
your microcomputer system. 

Parallel data from the CPU is converted to serial form by the 
transmitter, where it is shifted out in the standard asyn- 
chronous communication data format. Appropriate start, 
parity, and stop bits are added to the outgoing serial stream. 
Incoming serial data is converted to parallel form by the 
receiver. The incoming data is checked for errors (parity, 
overrun, framing or break interrupt) and then converted 
from serial to parallel for transfer to the CPU. Five pins on 
the chip are available for modem control functions or they 
can be used as general purpose I/O. 

The NSC858 includes a programmable baud generator that 
is capable of dividing the timing reference clock input by 
divisors of 1 to (2^® - 1), and producing a 1X, 16X, 32X, 64X 
clock for driving the transmitter and/or receiver logic. Both 
the transmitter and receiver can either be driven by an exter- 
nal clock or the internal baud rate generator. The NSC858 
has an interrupt system that can be tailored to the user’s 
requirements. In addition to the CMOS power consumption 
levels there are hardware and software power down modes 
which further reduce power consumption levels. 


Features 

■ Asynchronous operation 

■ Maximum baud rate 256K BPS (16X), 1M BPS (1X) 

■ Programmable baud rate generator 

■ Double buffered receiver and transmitter 

■ Indeperidently configured receiver and transmitter 

— 5-, 6-, 7-, 8-bit characters 

— Odd, even, force high, force low, or no' parity 

— ^,Vk, 2 stop bits 

■ Five bits modem I/O or general purpose I/O 

(3 input, 2 output) 

B Programmable auto enables for CTS and DCD 
B Local and remote loopback diagnostics 
B False start bit detection 
B Break condition detection and generation 
B Program polled, or interrupt driven operation 

— 8 maskable status conditions for receiver and 
transmitter interrupt 

— 4 maskable status conditions for modem interrupt 
B Variable power supply (2.4V-6.0V) 

B Low power consumption with software and hardware 
power down modes 

B 8-bit multiplexed address/data bus directly compatible 
with NSC800 


System Configuration 


ADDRESS/DATA +5V 



IT Tl 

I OPTIONAL I 
TIME BASE J 


I RECEIVER 
I TRANSMITTER 


MODEM CONTROL 
OR GENERAL 
PURPOSE I/O 


TL/C/5593-1 
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Absolute Maximum Ratings (Note i) 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground -0.3V to Vcc + 0.3V 

Maximum Vcc , 7V 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions Vcc = 5v±io% 


Ambient Temperature 
Military 
Industrial 
Commercial 


-55“C to +125‘>C 
-40°C to +85°C 
0°C to +70°C 


DC Electrical Characteristics TA=o°cto +70‘>c,Vcc=5v±io%,gnd=ov, unless otherwise specified. 


Symbol 


Conditions 




Logical 1 Input Voltage 


Logical 0 Input Voltage 


Hysteresis at RESET IN Input 


Logical 1. Output Voltage 


Logical 1 Output Voltage 


Logical 0 Output Voltage 


Logical 0 Output Voltage 


Input Leakage Current 


Output Leakage Current 


Active Supply Current 


Current Hardware Power Down 


Current Software Power Down 


Quiescent Current 


Input Capacitance 


Output Capacitance 


Power Supply Voltage 


Note 1 : Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these iimits is not intended and i 
limited to those conditions specified under DC Electrical Characteristics. 


AC Testing Input/Output Waveform 


AC Testing Load Circuit 


-0.7 Vcc TEST I1-7 Vcc- 
:0.2Vcc POINTS 0.2 Vcc:; 


Cl = 150 pF 
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AC Electrical Characteristics Ta=o°cio -fTo^c, Vcc=5v±.io%‘; gnd = ov. Cl = isopF 

Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

BUS 

Us 

Address 0-7 Set-Up Time 


40 



ns 

Uh 

Address 0-7 Hold Time 


30 



ns 

tALE 

ALE Strobe Width (High) 


100 



ns , 

Urw 

ALE to Read or Write Strobe 


100 



ns 

Urw 

Chip Enable to Read or Write 


100 



ns 

Ud 

Read Strobe Width 


250 

375 


ns 

^DDR 

Data Deiay from Read 

Cl = 150 pF 


180 

200 

ns 

tRDD 

Data Bus Disable 

Cl = 150 pF 


50 


ns 

tCH 

Chip Enable Hold After Read 
or Write 


100 


■ 

ns 

UWA 

Read or Write to Next ALE 


100 



ns 

twR 

Write Strobe Width 


200 

250 


ns 

tos 

Data Set-Up Time 



100 


ns 

Uh 

Data Hold Time 



100 


ns 

MODEM 

*MD 

WR Command Reg. to Modem 
Outputs Delay 

150 pF Load 


180 


ns 

UlM 

Delay to Set Interrupt from 

Modem Input 



200 

■ 

ns 


Delay to Reset Modem Status 
Interrupt from RD 



240 

■ 

ns 

Umi 

WR to Status Mask Reg., Delay 
to RTI 



220 

■ 

ns 

POWER DOWN 

Ucs 

Power Down to All Clocks 

Stopped 



1 

2 

UiT + fxc 

UCR 

Power Down Removed to Clocks 
Running 



1 

2 

UiT + txc 

Uxs 

Power Down Removed to XTAL 
Oscillator Stable 

When Using On Chip Inverter for 
Oscillator Circuit 


100 


ms 

Use 

Power Down Set-Up Before RD 
or WR Edge 


160 

260 


ns 

Upi 

WR or RD Edge Following PD to 
Internal Signals 

Enable or Disable 


100 

■ 

ns 

BAUD GENERATOR 

Uh 

XTAL In High 


100 



ns 

Ul 

XTAL In Low 


100 



ns 

Urc 

Baud Rate Clock Input 

Frequency 




4.1 

MHz 

Udi 

Baud Out Delay ^ 1 



160 


ns 

Ud2 

Baud Out Delay -r 2 



200 


ns 

Ud3 

Baud Out Delay -i-S 



200 


ns 

feoN 

Baud Out Delay -r N > 3 



200 


ns 

Uc 

Baud Clock Cycle 

1 

Uc - 

'BRC 

243 


■ 

ns 
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AC Electrical Characteristics (Continued) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

TRANSMITTER 

Itcd 

TxD Delay from TxC 

External Clock 


220 


ns 

Internal Clock 


140 


ns 

*TXC , 

Cycle Time TxC 

16X, 32X, 64X Clock Factor 

243 



ns 

IX Clock Factor 

1000 



ns 

*TCH 

TxC High 


100 



ns 

'tcl 

TxC Low 


100 



ns 

<HRI 

WR TxHR to Reset TxBE ^ 



260 


ns 

♦hts 

WR TxHR to TxD Start 


2 

3 

4 

'bit 

'tsi 

Skew Start Bit to RTI 


-100 

-f20 

-F120 

ns 

^ETS 

Enable Tx to Start Bit 


3 

4 

5 

'bit 

<BIT^ 

One Bit Time 

IX 

1000 



ns 

16X 

3.88 



US 

32X 

7.77 



US 

64X 

15.55 



ns 


RECEIVER 


'rs 

RxD Set-Up 

IX Clock Factor 


160 


ns 

'rh 

RxD Hold 

1 X Clock Factor 


100 


ns 

'rxc 

Cycle Time RxC 

16X. 32X, 64X Clock Factor 

243 



ns 

IX Clock Factor 

1000 



ns 

'rch 

RxC High 


100 



ns 

'rcl 

RxC Low 


100 



ns 

'rri 

RD to Reset RTI 

150 pF Load 


300 


ns 



IX 

1000 



ns 

■ 

One Bit Time 

16X 

3,88 



liS 

32X 

7.77 



AiS 



64X 

15.55 



IXS 

'ers 

Enable Rx to Correctly Detect 

Start Bit 

All Clock Factors 

2 

3 

a 

'rxc 

'rno 

Read RxHR Before Next Data; 

No OE 


240 



ns 

'bi 

RxC, Break to RTI 



340 



'rei 

Receiver Error Int 



'k Clock 
Factor 


'rxc 

'rdi 

Receiver Ready Int 



'rei + 'l 


'rxc 

'rsi 

RxC to RTI 

1 


300 


ns 


RESET TIMING 


'mr 

MR Pulse Width 



100 


, ns 

'ra 

MR to ALE if Valid WR or 

RD Cycle 



100 


ns 


Note 1: tgiT = tyxc^Clock Factor (1, 16, 32, 64), transmitter 
•bit = Factor (1, 16, 32, 64), receiver 

1 


Baud Rate 
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Timing Waveforms (Continued) 


Power Down Timing 


WR (WRITE SOFTWARE 
POWER DOWN REG) 



'ALL CLOCKS 
STOPPED 



, CLOCK RUNNING 


PD (HARDWARE ONLY) 




NOTE: IF^SETUfJS MISSED 
NEXT RD OR WR IS USED 


SHUJOFF INTERNAL 
ALE, CE, ADDRESS, DATA 


RESTORE r 
INTERNAL SIGNALS 


Baud Out Timing 


nnnnnnnnnnnnn 


BAUDOUT (-f )1 


manSEm 


BAUDOUT (-r3) 

rj 




Ibd3 — ► 


2 fxc ^ 

3lxc 



BAUDOUT (-^N>3) 

. / 




\ n 



tgDN — - 

[1 L 

2.5 Ixc 





1 ■■ ixc n 

TUC/5593-9 
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NSC858 


Timing Waveforms (Continued) 


Receiver Timing (Continued) 



RO (READ RxHR, 
PREVIOUS DATA) 


(OR) 


RTI (RxRDY) 
(AVOID OE) 




r- 

j 

■* — tRNO 

NEW DATA 


c 

STOP 

\ 

-\L- 



'k Ibit 


NEW DATA ^ 


n 

STI 

-V 

DP \ 

-\L_ 

tRRi— ► 




■*- 'k Ibit 






RxC (IX) 


RTI (^BRK) 


RD (READ MODEM 
STATUS REG) 
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Connection Diagrams 


Dual In-Line Package 



TOP VIEW 

See NS Package D28C, J28B or N28B 


E Package 


V Package 


— RD-MR,, DSR— 
WR CE Vcc CTS 


4 3 2 1 28 27 26 


ALE 

15 


25 C 

DTR 

ADO 



24 r 

RTS 

ADI 



23 C 

DCD 

AD2 

M 

NSC858E 

22 r 

RTi 

AD3 

>9 


2U 

RxD 

AD4 

>10 


20^ 

RxC/BRGOUT 

ADS 

>11 


19 ( 

TxO 


12 13 14 15 16 17 18 


A06 GNO X0UT_TxC/BRG0UT 
AD7 XIN PD 


RD_MR DSR 

WR CE Vcc CTS 


ALE d 

Z] 5 

3 

2 1 28 27 

25=: 

pOTR 

ADod 

=16 



24=: 

□ RTS 

ADI d 

=] 7 



23^ 

p DCD 

AD2d 

=1 8 


NSC858V 

22!=: 

□ RTi 

ADsd 

=] 9 



211= 

□ RxD 

AD4d 

=]10 



20^ 

□ RxC/BRGOUT 

ADsd 

=]11 

13 

14 15 16 17 

18 

□ TxD 


AD6 GND X0UT_TxC/BRG0UT 
AD7 XIN PD 


See NS Package ED28A 


See NS Package V28 
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Block Diagram 



TL/C/5S93-22 


Functional Pin Description 

INPUT SIGNALS 

Master Reset (MR): active high, Pin 1. This Schmitt trigger 
input has a 0.5V typical hysteresis. When high, the following 
registers are cleared: receiver mode, transmitter mode, 
global mode, R-T status (except for TxBE which is set to 
one), R-T status mask, modem mask, command (which dis- 
ables receiver “Rx” and the transmitter "Tx”), power down, 
and receiver holding. In the modem status register, ACTS, 
ADCD, ADSR, BRK and ABRK are cleared. 

Chip Enable (CE): active low. Pin 2. Chip enable must be 
low during a valid read or write pulse in order to select the 
device. Chip enable is not latched. 

Read (RD): active low. Pin 3. When Read line is low while 
the chip is selected the CPU is able to read data or informa- 
tion from selected registers in the NSC858. 

Write (WR): active low. Pin 4. When Write line is low while 
the chip is selected the CPU is able to write data or informa- 
tion to selected registers in the NSC858. 

Address Latch Enable (ALE): negative edge sensitive. 
Pin 5. The negative edge (high to low) of ALE latches the 
address for the register select during a read or write 
operation. 


Power Down (PD): active low. Pin 17. When active disables 
all internal clocks, shuts off the oscillator, clears RxE, TxE, 
and break control bits in the command register. All other 
registers retain their data. Unlike softwar e pow er down, PD 
also disables the internal ALE, CE, RD, WR and address 
data paths for minimum power consumption. Registers can- 
not be accessed in hardware power down; they may be in 
software power down. 

Receiver Data (RxD): Pin 21. Serial data input from the 
communications link (peripheral device, modem, or data 
set). Serial data is received least significant bit (LSB) first. 
“Mark” is high (1), “space” is low (0). 

Data Carrier Detect (DCD): active low. Pin 23. Can be 
used as a modem or general purpose input. When this 
modem input is low it indicates that the da ta ca rrier has 
been detected by the modem or data set. The DCD signal is 
a modem control function input whose complement value 
can be tested by the CPU by reading bit 5 (DCD) of the 
modem status register. Bit 1 (ADC D) of the modem status 
register indicates whether the DCD input has changed state 
since the previous reading of the modem status register. 
DCD can also be programmed to become an auto enable for 
the receiver. Note: Whenever the DCD bit of the modem 
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Functional Pin Description (Continued) 


status register changes state, an interrupt is generated if 
the ADCD mask and the DSCHG mask bits are set. 

Clear to Send (CTS): active low, Pin 2 6. Ca n be used as a 
modem or a general purpose input. The CTS inputs comple- 
ment can be tested by the CPU by reading bit 4 (CTS) of the 
modem status register. Bit 0 (ACT S) of the modem status 
register indicates whether the CTS input has changed state 
since the previous reading of the modem status register. 
CTS can be programmed to automatically enable the trans- 
mitter. Note: Whenever the CTS bit of the modem status 
register changes state, an interrupt is generated if the 
ACTS mask and the DSCHG mask bits are set. 

Data Set Ready (DSR): active low. Pin 27. Can be used as 
a modem or a general purpose input. When this modem 
input is low it indicates that the modem or data set is ready 
to establish the co mmu nication link and transfer data with 
the NSC858. The DSR is a modem-control function input 
whose complement value can be tested by the CPU by 
reading bit 6 (DSR) of the modem status register. Bit 2 
( ADS R) of the modem status register indicates whether the 
(DSR) input has changed state since the previous reading of 
the modem status register. Note: Whenever the DSR bit of 
the modem status register changes state, an interrupt is 
generated if ADSR mask and the DSCHG mask bits are set. 

Power (Vcc)- Pin 28. +5\/ supply. 

Ground (GND): Pin 14. Ground (OV) supply. 

OUTPUT SIGNALS 

Transmit Data (TxD): Pin 19. Composite serial data output 
to the communication link (peripheral, modem or data set) 
least significant bit first. The TxD signal is set to the marking 
(logic 1) state upon a master reset. In hardware or software 
power down this pin will always be a one. 

Receiver-Transmitter interrupt (RTI): active low. Pin 22. 
Goes low when any R-T status register bit and its corre- 
sponding mask bit are set. This bit can change states during 
either hardware or software power down due to a change in 
modem status information. 

Request to Send (RTS): active low. Pin 24. Can be used as 
a modem or a general purpose output. When this modem 
output is low it informs the modem o r dat a set that the 
NSC858 is ready to transmit data. The RTS output or gen- 
eral purpose output signal can be set to an active low by 
prog ramming bit 6 of the command register with a 1. The 
RTS signal is set hig h up on a master reset operation. Dur- 
ing remote loopback RTS signal reflects the complement of 
bit 6 of the command register. During local l oopb ack the 
RTS signal is forced to its inactive state (high). RTS cannot 
change states during hardware power down; it can during 
software power down. 

Data Terminal Ready (DTR): active low. Pin 25. Can be 
used as a modem or general purpose output. When this 
modem output is low it informs the modem or da ta set that 
the NSC858 is ready to communicate. The DTR output or 
the general purpose output signal can be set to an active 
low by pro gramming bit 7 of the command register with a 1. 
The DTR signal is set hig h upo n a master reset operation. 
During remote loopback DTR signal reflects the comple- 
me nt of b it 7 of the command register. During local l oopb ack 
the DTR signal is forced to its inactive state (high). DTR sig- 
nal cannot change state during hardware power down; it can 
during software power down. 


INPUT/OUTPUT SIGNALS 

Address/Data Bus (AD0-AD7): Pins 6-13. The multi- 
plexed bidirectional address/data bus, AD0-AD7 pins, are 
in the high impedance state when the NSC858 is not 
selected or whenever it is in hardware power down. 
AD0-AD3 are latched on the trailing edge of ALE, prov iding 
the four address inputs. The rising edge of the WR input 
enables 8 bits to be_written in, through AD0-AD7, to the 
addressed register. RD input enables 8 bits to be read from 
a register out through AD0-AD7. 

Transmitter Clock/Baud Rate Generator Output (TxC/ 
BRGOUT): Pin 18. I f the transmitter is programmed for an 
external clock, TxC is an input. If the transmitter is pro- 
grammed for an internal clock, then the Baud Rate Genera- 
tor is used for the trans mitter, and it is output at 
TxC/BRGOUT. In either case, TxC/BRGOUT signal is run- 
ning at IX, 16X, 32X, 64X the data rate, as selected by the 
clock factor. If this pin is used as an output it will be set to a 
zero (0) in both hardware and software power down. 

Receiver Clock/Baud Rate Generator Output (RxC/ 
BRGOUT): Pin 20. If the receiver is programmed for an 
external clock, RxC is an input. If the receiver is pro- 
grammed for an internal clock, the Baud Rate Generator is 
used for the rece iver, and it is output at TxC/BRGOUT. In 
either case, TxC/BRGOUT signal is running at IX, 16X, 
32X, 64X, the data rate, as selected by the clock factor. If 
this pin is programmed as an output it will be set to one (1) in 
both hardware and software power down. 

Crystal (XIN, XOUT): Pins 15, 16. These two pins connect 
the main timing reference. A crystal network can be con- 
nected across these two pins, or a square wave can be 
driven into XIN with XOUT left floating. In hardware and soft- 
ware power down XOUT is set to a 1. 


TABLE 1. Register Address Designations 



Address 



Read/ 

As 

Az 

Ai 

Aq 


Write 

0 

0 

0 

0 

Rx Holding 

R 

0 

0 

0 

0 

Tx Holding 

W 

0 

0 

0 

1 

Receiver Mode 

R/W 

0 

0 

1 

0 

Transmitter Mode 

R/W 

0 

0 

1 

1 

Global Mode 

R/W 

0 

1 

0 

0 

Command 

R/W 

0 

1 

0 

1 

Baud Rate Generator Divisor 
Latch (Lower) 

R/W 

0 

1 

1 

0 

Baud Rate Generator Divisor 
Latch (Upper) 

R/W 

0 

1 

1 

1 

R-T Status Mask 

R/W 

1 

0 

0 

0 

R-T Status 

R 

1 

0 

0 

1 

Modem Status Mask 

R/W 

1 

0 

1 

0 

Modem Status 

R 

1 

0 

1 

1 

Power Down 

R/W 

1 

1 

0 

0 

Master Reset 

W 


Note: Offset address OD, OE, OF are unused. 



12-103 


NSC858 






NSC858 


Registers 

The system programmer may access control of any of the 
NSC858 registers summarized in Table 1 via the CPU. 
These 8-bit registers are used to control NSC858 operation 
and to transmit and receive data. 

RECEIVER AND TRANSMITTER HOLDING REGISTER 

A read to offset location 00 will access the Receiver hoiding 
register: a write will access the Transmitter holding register. 


RECEIVER MODE REGISTER 

The system programmer specifies the data format of the 
receiver (which may differ from the transmitter) by program- 
ming the Receiver mode register at offset location “01 This 
read/write register programs the parity, bits/character, auto 
enable option, and clock source. When bit 6 of this re gister 
is set high the receiver will be enabled any time the DCD 
signal input is low (provided CRO = 1). When bit 7 is set to a 
“1” the rec eiver clock source is the internal baud rate gen- 
erator, and RxC is then an output. After reset this register is 
set to “00.” 

TABLE 2. Receiver Mode Register (Address “01 ”) 

(Bits RMO-7) 


NOT USED (READS AS “0”) 
= 000 NO PARITY 
= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= Oil FORCE HIGH 
= 00 S BITS/CHAR. 

= 01 6 BITS/CHAR. 

= 10 7 BITS/CHAR. 

= 11 8 BITS/CHAR. 

= 1 AUTO ENABLE^ 
= 1 RxC INTERNAL 

= 0 RxC EXTERNAL 


TRANSMITTER MODE REGISTER 

The system programmer specifies the data format of the 
transmitter (which may differ from the receiver) by program- 
ming the transmitter mode register at offset location “02.” 


TABLE 3. Transmit Mode Register (Address “02”) 

(Bits TMO-7) 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 

TRANSMIT ABORT END CONDITION (TAEC) 
= “1” STOP HOLDING ON 
TRANSMIHER HOLDING REGISTER 
EMPTY 

= "0” STOP ON TRANSMinER SHIFT 
REGISTER EMPTY 
= 000 NO PARITY 
= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= Oil FORCE HIGH 
= 00 S BITS/CHAR. 

= 01 6 BITS/CHAR. 

= 10 7 BITS/CHAR. 

= 11 8 BITS/CHAR. 

= 1 AUTO ENABLE CTS 
= 1 TxC = INTERNAL 
= 0 TxC = EXTERNAL 




The transmitter mode register is similar in operation to the 
receiver mode register except for the addition of the Trans- 
mit Abort End Condition (TAEC). If this bit is set to a one 
when a request to disable the transmitter or send a break is 
pending then the data in the shift register and holding regis- 
ter will be transmitted prior to such action occurring. If TAEC 
equals 0 then the action will take place after the shift regis- 
ter has been emptied. When bit 6 of this regis ter is set high 
the transmitter will be enabled any time the CTS signal is 
low (provided CRI = 1). When bit 7 is set toa “1” the trans- 
mitte r clock source is the internal baud rate generator, and 
TxC is then an output. After reset this register is set to “00.” 

GLOBAL MODE REGISTER 

This register is used to program the number of stop bits and 
the clock factor for both the receiver and transmitter. Only 
the lower four bits of this register are used, the upper four 
can be programmed as don't cares and they wili be read 
back as zeros. Programming the number of stop bits is for 
the transmitter only: the receiver always checks for one stop 
bit. If a IX clock factor with 1.5 stop bits is selected for the 
transmitter the number of stop bits will default to 1. After 
reset this register is set to “00.” 



COMMAND REGISTER 

The Command register is an eight bit read/write register 
which is accessed at offset location “04.” After reset the 
command register equals “00.” 


TABLE 5. Command Register (Address “04”) 
(Bits CRO-7) 



RECEIVER ENABLE 
TRANSMinER ENABLE 
LOOPBACK OPERATION 
= 1 REMOTE LOOPBACK 
= 0 LOCAL LOOPBACK 
ENABLE LOOPBACK 
BREAK CONTROL 
= 00 NO BREAK 
= 01 4-CHAR. LENGTH BREAK 
= 10 16 CHAR. LENGTH BREAK 
= 11 BREAK CONTINUOUSLY 
RTS (COMPLtMENT OF RTS PIN) 
DTR (COMPLEMENT OF^ PIN) 


12-104 



Registers (Continued) 


Bit 0: Receiver Enable, when set to a one the receiver is 
enabled. If auto enable for the receiver has been pro- 
grammed then in addition to CRO = 1, the DCD input must 
be low to enable receiver. 

Bit 1 : Transmitter Enable, when set to a one the transmitter 
is enabled. If auto enable for the t ransm itter is programmed 
then in addition to CR1 = 1, the CTS input must be low to 
enable transmitter. 

Bit 2: A zero selects local loopback and a one selects 
remote loopback. 

Bit 3: A one enables either of the diagnostic modes 
selected in bit 2 of the command register. 

Bits 4 and 5: Bits 4 and 5 of the command register are 
used to program the length of a transmitted break condition. 
A continuous break must be terminated by the CPU, but the 
4 and 16 character length breaks are self clearing. (After the 
last break character has been sent, bits 4 and 5 will auto- 
matically be reset to 0 .) Break commands affect the status 
of bit 6 (TBK) of the R-T Status register (see R-T Status 
register). Break control bits are cleared by software or hard- 
ware power down. 

Bits 6 and 7: These t wo bits control the status of the output 
pins RTS (pin 24) and DTR (pin 25) respectively. They may 
be used as modem control functions or be used as general 
purpose outputs. The output pins will always reflect the 
complement of the register bits. 

R-T STATUS REGISTER 

This 8-bit register contains status information of the 
NSC858 and therefore is a read only register at offset loca- 
tion "08." Each bit in this register can generate an interrupt 
(RTI). If any bit g^s active high and its associated mask bit 
is set then the RTI will go low. RTT will be cleared when all 
unmasked R-T Status bits are cleared. Bits 0 and 1, receiver 
ready and transmitter empty are cleared by reading the 
receiver holding register or writing the transmitter holding 
register respectively. Bits 2 through 5, transmit underrun, 
receiver overrun, framing error, parity error are cleared by 
reading the R-T Status register. Bit two, transmitter under- 
run will occur when both the transmit holding register and 
the transmit shift register are empty. 

Bit three, overrun error, will occur when the CPU does not 
read a character before the next one becomes available. Bit 
four, framing error, occurs when a valid stop bit is not 
detected. Bit 5 is set when a parity error is detected. Bits 
three, four and five are affected by receiver only. 

Bit 6, Transmit Break (TBK) is set at the beginning of each 
break character during a break continuously command, or 
at the beginning of the final break character in a 4 or 16 
character programmed break length. It is cleared by read- 
ing the R-T Status register. Bit 7, Data Set Change (DSCHG) 
will be set whenever any of the bits 0-3 of the Modem Status 
register and their associated mask bit are set. Data Set 
Change bit is cleared by reading the Modem Status register 
or is masked off by writing “0” to all modem mask' register 
bits. After reset the R-T Status register equals ‘02’, i.e. all 
bits except TxBE are reset to zero. 


TABLE 6. R-T Status Register (Address “08”) 
(Bits SRO-7) 



RxRDY (RECEIVER DATA READY) 

1 = FULL 

0 = EMPTY 

TxBE (TRANSMITTER BUFFER EMPTY) 

1 = EMPTY 

0 = FULL 

TxU (TRANSMITTER UNDERRUN 

1 = ERROR 

0 = NO ERROR 

OE (RECEIVER OVERRUN ERROR) 

1 = ERROR 

0 = NO ERROR 

FE (RECEIVER FRAMING ERROR) 

1 = ERROR 

0 = NO ERROR 

PE (RECEIVER PARITY ERROR) 

1 = ERROR 

0 = NO ERROR 

TBK (TRANSMITTER BREAK) 

1 = BREAK 

0 = NO BREAK 

DSCHG (DATA SET CHANGE) 

1 = CHANGE 

0 = NO CHANGE 


R-T STATUS MASK REGISTER (SMO-7) 

This register is used in conjunction with the R-T Status reg- 
ister to enable or disable conditional interrupts. A one in any 
bit unmasks its associated bit in the R-T Status register, and 
allows it to generate an interrupt. The mask affects only the 
interrupt and not the R-T Status bits. This eight bit register 
is both read and writable at offset location “07." After reset 
it is set to “0” which disables all interrupts. Each bit in the 
R-T Status mask register is associated with that bit in the R- 
T Status register (e.g., SMO is SRO’s mask). 

MODEM STATUS 

This eight bit read only register which is addressed at offset 
location “OA” contains modem or general purpose input 
and receiver break information. 


TABLE 7. Modem Status Register (Address “OA”) 
(Bits MSO-7) 
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Registers (Continued) 

Each of the four status signals in this register also have an 
associated delta bit in this register. Each delta bit (bits 
MSO-3) will be set when its corresponding bit changes 
states. These four delta bits are cleared when the Modem 
Status register is read. If any of these four delta bits and 
associated mask bits are set they will force DSCHG (bit 7) of 
the R-T Status register high. Bits 4-6, CTS, DCD, DSR can- 
be used as modem signals or general purpose inputs. In 
either case the value i n the register represents the cornple- 
ments of the input pins CTS (pin 26), DCD (pin 23), and DSR 
(pin 27). Bit 7 (BRK) when set to a one indicates that the 
receiver has detected a break condition. It is cleared when 
break terminates. After reset ACTS, ADCD, ADSR, ABRK 
and BRK are cleared. 

MODEM MASK REGISTER (MMO-3) 

This 4-bit read/write register, which is addressed at offset 
location “09,” contains mask bits for the four delta bits of 
the Modem Status register (MSO-3). A one (“1”) in any of 
these bits and a one in the associated delta bit of the 
Modem Status register will set the DSCHG bit of the R-T 
Status register. Modem Mask tjit 0 is associated with 
Modem Status bit 0, etc. The four (4) most significant bits of 
this register will read as zeros. After reset the register 
equals ‘00’. 

POWER DOWN REGISTER (PDO) 

This one bit register can both be read and written at offset 
location “OB.” When bit zero is set to a one the NSC858 will 
be put into software power down. This disables the receiver 
and transmitter clocks, shuts off the baud rate generator 
and crystal oscillator, and clears the RxE, TxE, and break 
control bits in the command register. Registers on chip can 
still be accessed by the CPU during software power down. 
Bits 1 through 7 will always read as 0. 

MASTER RESET REGISTER 

This write only register is addressed at offset location “OC.” 
When writing to this register the data can be any value 
(don’t cares). Resetting the NSC858 by way of the reset reg- 
ister is functionally identical to resetting it by the MR pin. 

BAUD RATE GENERATOR DIVISOR LATCH 

These two 8-bit read/write registers which are accessed at 
offset locations “05” (lower) and “06” (upper) are used to 
program the baud rate divisor. These registers are not 
affected by reset function and are powered up in a random 
state. 


Functional Description 

PROGRAMMABLE BAUD GENERATOR 

The NSC858 contains a programmable Baud Generator 
that is capable of taking any clock input (DC to 4.1 MHz) and 
dividing it by any divisor from 1 to (2^® - 1). The o utput fre- 
quency of the Baud Gener ator (av ailab le at TxC/BRGOUT 
or RxC/BRGOUT, if internal TxC or RxC is selected) is equal 
to the clock factor (IX, 16X, 32X, 64X) times the baud rate. 
The divisor number is determined by the following equation; 

Frequency Input (fepc) 

divisor # = 

[Baud Rate X Clock Factor (1, 16, 32, 64)] 


Two 8-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization 
in order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts on 
initial load. 

Tables 8 and 9 illustrate the use of the Baud Generator with 
crystal frequencies of 1.8432 MHz and 3.072 MHz respec- 
tively. For baud rates of 38400 and below, the error obtained 
is minimal. The accuracy of the desired baud rate is depen- 
dent on the crystal frequency chosen. 


TABLE 8. Baud Rates Using 1.8432 MHz Crystal 


Desired 
Baud Rate 

Divisor Used 
to Generate 

16 X Clock 

Percent Error 
Difference Between 
Desired and Actual 

50 

2304 

— 

75 

1536 

— 

110 

1047 

0.026 

134.5 

857 

0.058 

150 

768 

— ■ 

300 

384 

— 

600 

192 

— 

1200 

96 

— 

1800 

64 

— 

2000 

58 

0.69 

2400 

48 

— 

3600 

32 

— 

4800 

24 

— 

7200 

16 ■ 

— 

9600 

12 

— 

19200 

6 

— 

38400 

3 

— 

56000 

2 

2.86 


Table 9. Baud Rates Using 3.072 MHz Crystal 


Desired 
Baud Rate 

Divisor Used 
to Generate 

16 X Clock 

Percent Error 
Difference Between 
Desired and Actual 

50 

3840 

— 

75 

2560 

— 

110 

1745 

0.026 

134.5 

1428 

0.034 

150 

1280 

— 

300 

640 

— 

600 

320 

_ 

1200 

160 

— 

1800 

107 

0.317 

2000 

96 

— 

2400 

80 

— 

3600 

53 

0.628 

4800 

40 

— 

7200 

27 

1.23 

9600 

20 

— 

19200 

10 

— 

38400 

5 

- 
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Typical Clock Circuits 


— 


OPTIONAL 
DRIVER 
^ XOUT 


OSC. CLOCK TO 
BAUD GEN. LOGIC 




OSC. CLOCK TO 
BAUD GEN. LOGIC 


TRANSMITTER OUTPUT 


GENERATED 
Do Di D, BY NSC858 


DATA BUS “I"'' 


► DO NOT APPEAR 

RECEIVER INPUT ^0 ON THE DATA BUS J 

M l! I 

kO I I DATA BITS T^I^F^T^OP 


PROGRAMMED 

CHARACTER 

LENGTH 

TRANSMISSION FORMAT 

CPU BYTE (5-8 BITS/CHAR) 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


DATA CHARACTER 


PARITY I STOP 
BIT I BITS 


RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 


DATA CHARACTER 


PARITY I STOP 
BIT I BITS 


CPU BYTE (5-8 BITS/CHAR)* 


CRYSTAL Rp Ci Cj ' 

3.1 MHz 1 MO 10-30 pF 40-60 pF j 

1.8 MHz I 1 MO I 10-30 pF 40-60 pF i 

TUC/5593-23 

FIGURE 1. Typical Crystal Oscillator Network 


Note: If character length is defined as 5, 6 or 7 bits, the unused bits are set 
to "0." 

FIGURE 2. 


RECEIVER AND TRANSMITTER OPERATION 

The NSC858 transmits and receives data in an asynchro- 
nous communications mode. The CPU must set up the 
appropriate mode of operation, number of bits per charac- 
ter, parity, number of stop bits, etc. Separate mode registers 
exist for the independent specification of receiver and trans- 
mitter operation. These independent specifications include 
parity, character length, and internal or external clock 
source. Only the Global Mode Register, which controls the 
number of stop bits and the clock factor, exercises common 
control over the receiver and transmitter (receiver looks for 
only one stop bit). 

TRANSMITTER OPERATION 

The Transmitter Holding register is loaded by the CPU. To 
enable t he tr ansmitter, TxE must be set in the Command 
register. CTS must be low if the auto enable CTS bit is set in 
the Tx Mode register. The Transmitter Holding register is 
then parallel loaded into the Transmitter Shift register, and 
the start bit, parity bit and the specified number of stop bits 
are inserted. This serialized data is available at th e TxD out- 
put pad, and changes on the rising edge of TxC. The TxD 


output remains in a mark (“1”) condition when no data is 
being transmitted, with the exception of sending a break 
(“0”). 

A break condition is initiated by writing either a continuous 
or specified length break request to the Command Register. 
A finite break specification of either 4 or 16 character 
lengths can be extended by re-writing the break command 
before the specified break length Is completed. Each break 
character is transmitted as a start bit, logical zero data, logi- 
cal zero parity (if specified) and logical zero stop bit(s). The 
number of data and stop bits, plus the presence of a parity 
bit are determined by the Transmitter and Global Mode reg- 
isters. Thus, the total number of (all zero) bits in a break 
character is the same as that for data. The break is termi- 
nated by writing “00” to the Break Control bits in the Com- 
mand Register. The Set Break bits in the Command register 
are always reset to “00” after the termination of the speci- 
fied break transmission or if the transmitter is disabled 
during a break transmission. The TxD output will always 
return to a mar.k condition for at least one bit time before 
transmitting a character after a break condition. Data in the 
Transmitter Holding register, whether loaded before (on 
TAEC = 0) or during the break will be transmitted after the 
break is terminated. 
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Typical Clock Circuits (Continued) 

RECEIVER OPERATION 

The NSC858 receiv es se rial data on the Rx D inp ut. To 
enable the receiver, DCD must be low if the DCD Auto 
Enable bit in the Receiver Mode register is set (“1”). RxE 
must be set in the Command register. RxD is sampled on 
the falling edge of RxC. If a high ("1”) to low ("0”) transi- 
tion of RxD is detected, RxD is sampled again, for all except 
the 1X clock factor, at ’fe of a bit time later. If RxD is still low, 
then a valid start bit has been received and character 
assembly proceeds. If RxD has returned high, then a valid 
start bit has not been received, and the search for a valid 
start bit continues. When a character has been assembled 
in the Receiver Shift Register and transferred to the 
Receiver Holding Register, the RxRDY bit (and any error bits 
that may have occurred) in the R-T Status register will be set 
and RTI will go low (if the proper mask bits are set). After the 
CPU reads the Receiver Holding register, the RxRDY will go 
low and the RTI will go inactive ("1”). 

The receiver will detect a break condition on RxD if an all 
zero character with zero parity bit (if parity is specified) and 
a zero stop bit is received. For the break condition to termi- 
nate, RxD must be high for one half a bit time. If a break 
condition is detected, bits 3 and 7 in the Modem Status reg- 
ister (ABRK and BRK respectively) will be set. Bit 3 (ABRK) 
will then cause bit 7 (DSCHG) in the R-T Status register to 
be set which in turn forces RTI to an asserted state (“0”). 
These interrupts will occur only if the appropriate mask bits 
are set for the registers in question. 

PROGRAMMING THE NSC858 

There are two distinct steps in programming the 858. During 
initialization, the modes, clocks, masks and commands are 
set up. Then, in operation. Modem I/O takes place, status is 
monitored, the receiver and transmitter are run as needed. 

To initialize the 858, first pulse the MR line or write to the 
Master Reset register. Then, write to the following registers 
in any order, except for enabling the Rx and Tx, which must 
be at the end of the set up procedure. The Global, Receiver 
and Transmitter Mode registers determine the modes for the 
Rx and Tx. These latter two registers often will have the 
same data byte written to them, but are kept independent 
for flexibility. If the mode registers indicate that the receiver 
and/or the transmitter use an internal clock, then data 
(determined by the crystal frequency and desired bit time 
and clock factor) should be written to the upper and lower 
Baud Rate Generator Divisor Latches. The Modem Status 
Mask register enables Data Set change in R-T Status. If 
in^rrupts are required, the R-T Status Mask register allows 
RTI to occur. Write to the Command register to enable the 
receiver and/or transmitter only when all else is set up. 

In operation, the 858 can transmit, receive and handle I/O 
simultaneously. Modem outputs are written to at the Com- 
mand register, while the inputs are read at the Modem Sta- 


tus register. Data flow and errors are read at the R-T Status 
register. When serial data has been shifted in and assem- 
bled, the receiver is ready, and the word can be read at the 
Rx Holding register. When the transmitter buffer is empty, 
the Tx Holding register can be written to, and the word will 
be shifted out as serial asynchronous data. 

Once the 858 is running, several options may be exercised. 
Masks can be changed at any time. The Rx and Tx are dis- 
abled or enabled, as needed, by writing to the Command 
register, or toggling the auto enable modem inputs (if used). 
Both the Rx and Tx should be disabled before either altering 
any mode or engaging a loopback diagnostic, and they can 
be re-enabled then or at a later time. Power down is allowed 
at any time except during loopback, although data may be 
lost if PD occurs in the middle of a word. 

Thus, software for the NSC858 is of two types. The initiali- 
zation routine is performed once. The operation routines, 
usually incorporating polling or interrupts, are then run 
continuously or on demand, depending upon the system or 
application. 

DIAGNOSTIC CAPABILITIES 

The NSC858 offers both remote and local loopback diag- 
nostic capabilities. These features are selected through the 
Command register. 

Local Loopback Mode (see Figure 3) 

1. The transmitter output is internally connected to the 
receiver input. 

2. DTR is connected to DCD, and RTS is connected to CTS. 
Both connections are made internally. 

3. TxC is connected internally to RxC. 

4. The DSR is internally held low (inactive). 

5. The TxD, DTR and RTS outputs are held high. 

6. The CTS, DCD, DSR and RxD inputs are ignored. 

7. Except as noted, all other Status, Mode and Command 
Register bits and interrupts retain their functions and 
settings. 



TL/C/5593-25 

FIGURE 3. Local Loopback 
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Typical Clock Circuits (Continued) 


Remote Loopback Mode (see Figure 4) 

1. The contents of the Receiver Holding Register, w/hen 
RxRDY = 1 indicates it is full, are transferred to the 
Transmitter Holding register, when TxBE = 1 indicates it 
is empty. After this action, both RxRDY and TxBE are 
cleared. 

2. RxC is connected internally to TxC. 

3. Setting the Remote Loopback Mode places all receiver 
and transmitter flags under control of the remote loop- 


back sequencer. RxRDY and TxBE can be monitored to 
follow automatic remote loopback data flow, while OE 
and TxU can indicate system problems. 

4. The CPU can read the Receiver Holding register if 
desired, but this is not necessary. The CPU cannot load 
the Transmitter Holding Register. 

5. Modem Status, all Mode and Command register bits 
retain their functions and interrupts are generated. 



FIGURE 4. Remote Loopback 


Ordering Information 


NSC858XX 



/A-h = A+ Reliability Screening 
D = Ceramic Package 

J = Cerdip Package (Availability to be announced) 

N = Plastic Package 

E = Ceramic Leadless Chip Carrier (LCC) 

V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 


Reliability Information 

Gate Count 4280 
Transistor Count 8450 
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2 National Semiconductor 

NSC888 

NSC800 Evaluation Board 




Features 


IS NSC800™ 8-Bit mIcroCMOS CPU 

■ Executes 280^*' Instruction Set 

■ 20 Programmable Parallel I/O Lines 

■ Two 16-Bit Programmable Counters/Timers 

■ Powerful 2K X 8 Monitor Program 

■ Five Levels of Vectored Prioritized Interrupts 

■ RS232 Interface 


■ 1 K X 8 microCMOS RAM with Sockets for up 
to 4K X 8 RAM 

■ Socket for additional 2K x 8, 2716 
Compatible Memory Component 

■ Wire Wrap Area 

■ Edge Connectors for System Expansion 

■ Single-Step Operation Mode 

■ Fully Assembled and Tested 


Product Overview 


The NSC888 is a self-contained microprocessor 
board which enables the userto quickly evaluate the 
performance and features of the NSC800 product 
family. This fully assembled, tested board requires, 
only the addition of a ±5V supply and an RS232 in- 
terface cable to the users terminal to begin NSC800 
evaluation. 

A powerful system monitor is provided on the board 
which controls serial communications via the RS232 
port. The monitor also Includes command functions 
to load, execute and debug NSC800 programs. 


The board includes an NSC800 CPU plus RAM, 
EPROM. I/O, Timers and interface components yet 
draws only 30mA from the +5V supply and 3mA from 
the -5V supply. 

Although designed primarily as an assessment 
vehicle, the NSC888 can be readily programmed and 
adapted to a variety of uses. Wire wrap area is pro- 
vided on-board for the user to build up additional 
circuitry or interfaces, thus tailoring this high- 
performance, low-power microprocessor board to 
meet individual needs. 
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Functional Description 


Figure 1 and Figure 2 provide information on the or- 
ganization of the NSC888 board. Please refer to 
these figures for the following discussion. 

Central Processor 

The powerful NSC800 is the central processor for 
the NSC888. It provides bus control, clock gen- 
eration and extensive interrupt capability. Featuring 
a multiplicity of programmable registersand sophis- 
ticated addressing modes, the NSC800executesthe 
Z80 instruction set. 

Memory 

• 128 bytes of RAM are provided by the NSC810 
RAM-I/O-Timer and are used by the monitor 
program for the system stack. 

• 1024 bytes of RAM are provided by two IK x 4 
NMC6514's. Sockets are provided for six 
additional NMC6514’s, for a total of 4K bytes of 
RAM. 

• A 2K byte EPROM system monitor is provided on- 
board which includes facilities to load, execute 
and debug a users program. 


• An additional EPROM socket is also on-board 
which accepts a 2K byte 2716 compatible memory 
component. 

Input/Output 

• Parallel I/O 

The NSC888 provides 20 programmable parallel 
I/O lines implemented using the I/O ports of the 
NSC810 RAM-I/O-Timer. The port bits may be 
individually defined as input or output, and can 
also be written to or read from in bytes. The I/O 
lines are conveniently brought to a 50 contact 
edge connector for user interface. 

• Serial I/O 

An RS232 connector and accompanying support 
, circuitry are provided on-board. Two I/O lines 
from the NSC810 RAM-I/O-Timer are used forthe 
serial communications function, which is con- 
trolled exclusively by software. The baud rate is 
determined upon system initialization by the 
character bit rate from the users terminal. The 
maximum baud rate is 2400 baud. 



A(8-15) 


810 PA(0-7) 




TIMERS 

NSC810 

RAM 

1/0 

TIMER 


810 PCIO-5) 

810 PB(1-6| 

■■■in 




SERIAL 


FIGURE 1. NSC888 Functional Block Diagram 
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Timers 

The NSC888 provides two fully programmable 
binary 16-bit counters/timers utilizing the NSC810 
RAM-I/O-Timer. These signals are also brought to 
the parallel I/O connector. Each timer may operate 
in any of six different modes: 

• Event Counter 

• Accumulative Timer 

• Restartable Timer 

• One Shot 

• Square Wave 

• Pulse Generator 

Connectors 
e Parallel I/O 

The parallel I/O lines and timer lines from the 
NSC810 RAM-I/O-Timer, plusinterruptlinesfrom 
the CPU are brought to this 50 contact edge 
connector. 

• System Bus 

All NSC800 CPU lines except XIN are brought to 
this 86 contact edge connector. In addition, the 
-5V line is also brought to the system bus 
connector. 

• RS232 

This connector is provided for system interface to 
the users terminal. 

Interrupts 

The NSC888 utilizes the powerful interrupt pro- 
cessing capability of the NSC800 CPU. Interrupts 
are routed via a jumper matrix to the five interrupt 
inputs of the NSC800. Each input, which may be, 
from the NSC810 I/O ports, NSC810 timers or off 
board via the system bus connector, generates a 
unique memory address (see Table 1). All Interrupts 
with the exception of NMI can be masked via 
software. Interrupt lines are also brought to the 
parallel I/O connector. 


Table 1. 


Interrupt 

Input 

Memory 

Address 

Type 

Priority 

NMI 

0066H 

Non-maskable 

Highest 

RSTA 

003 CH 

Maskable 


RSTB 

0034H 

Maskable 


RSTC 

002CH 

Maskable 


INTR 

0038H* 

Maskable 

Lowest 


*mode 1 


NSC888 FIRMWARE 

The NSC888 system monitor is provided by a pre- 
programmed EPROM. This comprehensive monitor 
includes facilities to load, execute and debug pro- 
grams. The monitor allows the user to examine and 


modify any RAM memory location or CPU register. It 
permits the insertion of break points to facilitate 
debugging. Programs can be executed starting at 
any location. The commands supported by the 
NSC888 system monitor are as follows: 

• B - Select a new baud rate 

• D - Display memory 

• F - FIN memory between ranges 

• G - Execute program with break points 

• H - Hexadecimal math routine 

• J - Non-destructive memory test 

• K - Store 16-bit value in memory 

• M - Move a block of data 

• P - Put ASCII characters in memory 

• Q - Query I/O ports 

• S - Substitute and/or examine memory 

• T - Type memory contents in ASCII 

• V - Verify two blocks of data ’ 

• X - Examine or modify CPU registers 

• Y - Memory search for string 

These commands are fully explained in the NSC888 
Hardware/Software Users Manual. 

Single Step/Power Save 

The NSC888 provides a unique single-step mode, 
utilizing the Power Save input of the NSC800 CPU. 
This input, when activated, reduces CPU powercon- 
sumption from 50mW to only 25mW. It also allows 
the user to single-step through a program, checking 
and modifying code. This function is controlled via a 
switch on the board. 

Specifications 


Microprocessor 

CPU- 

NSC800 

Data Word- 

8 bits 

Instruction Word- 

8, 16, 24, 32 bits 

Cycle Time- 

2.00/iS (minimum instruction 
time) 

System Clock- 

2.00MHz 

Registers- 

Number of 

14 general purpose (8-bit) 

2 index registers (16-bit) 

1 stack pointer (16-bit) 

1 program counter (16-bit) 

Instructions- 

Address 

158 

Capability- 

64K bytes 

Memory 

RAM- 

1152 bytes on-board plus 
sockets for an additional 3K 
bytes 

ROM/EPROM- 

Sockets for 4K bytes on-board 

Access Time- 

625ns for opcode fetch 

875ns for memory read 

Connectors 

System Bus- 

86-pin double-sided card cage 
edge connector on 0.156 inch 
centers 
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Parallel I/O- 


Serial 1/0- 

Power 


Physical 

Height- 

Width- 


50-pin double-sided edge 
connector on 0.1 inch centers 
Recommended mating 
connector: 

3M 3415-0001 
AMP 2-86792-3 ' 

Standard RS232 connector 

+5V 30mA (27C16 EPROM 
monitor) or 90mA (2716 
EPROM monitor) 

-5V 3mA 


6.75 (17.15cm) 
7.85 (19.94cm ) 


Order Information 

NSC888- Includes CPU, 1 152 bytes of 

RAM, sockets for additional 3K 
bytes of RAM, 2K byte monitor 
with additional socket for 2K 
byte ROM/EPROM, 20 I/O 
lines, RS232 interface, wire 
wrap area. 

Documentation- The NSC888 Hardware/ 

Software Users Manual and 
NSC800 Microprocessor 
Family Handbook are shipped 
with the NSC888 Evaluation 
Board 


PARALLEL I/O 
CONNECTOR 


NSC810 

RAM-l/0 TIMER 


NSC800 RS232 
CPU CONNECTOR 



RESET 


t SINGLE STEP 
Jwf=> RUN 
T. I I POWER SAVE 


SINGLE STEP 


SYSTEM 
INTERFACE 
COMPONENTS 




SYSTEM BUS NMC6514 NMC6514 NMC6514 NMC6514 

CONNECTOR IK x 4 RAM SOCKETS IK x 4 RAM SOCKETS 


FIGURE 2. NSC888 Evaluation Board 
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Section 13 

Development 
Systems Products 




Introduction 

This section of the databook describes the various 
development tools available to design and develop micro- 
processor-based products. Support tools include soft- 
ware packages for applications software development- 
real-time emulators for fast and efficient hardware and 
software debugging peripherals packages (such as PROM 
programmers and printers) and, of course, powerful host 
systems to bring all of these support packages together. 

National offers the STARPLEX II™ and the SYS-16™ 
Development Systems. STARPLEX II allows the designer to 
develop 8-bit microprocessor-based products, while the 
SYS-16 allows the designer to develop NS16(X)0™-based 
products. Appropriate packages for software development 
work are available for each of these host systems. Software 
packages for the STARPLEX II include 8-bit cross- 
assemblers and compilers (such as the COPS™ cross- 
assembler for COP400 family microcontrollers), and 
PASCAL compilers for 8085 and NSC800™ microproc- 
essors. Software for the SYS-16 includes PASCAL and C to 
support the NS16000 family. To debug the software in the 
hardware prototype, powerful real-time in-system emulat- 
ors (ISEs) are available forthe appropriate microprocessors. 




^ National Semiconductor 

Integral In-System Emulator (ISE™) 

Package 



a Real-time emulation of 8-Bit 
microprocessors 

• Full Support for 8085 Series, 
NSC800™ and Z80 Microprocessors 

B Combined with an emulator board, will 
operate in any STARPLEX^”/ 
STARPLEX IF” Development System 

B An integral emulation system 

® Hardware 

— Processor independent 

— 32 K byte mapped memory 

— Two 32-bit breakpoint registers, 
each bit programmable 

— 256 X 40-bit trace memory 

— Memory mapping in 1 K byte increments 

— 8-bit user status cable for custom 
breakpoint and trace operations 

— Real-time counter in microseconds 
up to 16 seconds. 


• Software 

— Host system resident command driver 
— Host system resident mnemonic 
assembler and disassembler 
— Coast after breakpoint provided with 
variable length and user-defined 
qualifications 

o Easy to use 

® In-Flle for Automatic Test 
« Consistent Commands 

• Symbolic Debugger 

• Full Access to STARPLEX/ 
STARPLEX II Development Systems 
Facilities (e.g., access to STARPLEX/ 
STARPLEX II Editor and other utility 
programs) 

B Optional emulator packages to handle 
conversion from one target processor 
to another 


Product Overview 


The Integral ISE consists of two logic boards in 
standard STARPLEX/STARPLEX II ■ configuration, 
one bus connector and a cable. In addition to this 
are manuals and user software. The two logic 


boards provide all the necessary logic for break- 
points, tracing, and real-time memory mapping. 
Microprocessor emulation is isolated on a required 
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single optional target board containing all the logic 
needed to emulate the particular microprocessor. 
Together with any specified target processor, which 
is not part of the Integral ISE, the three boards can 
be installed in any STARPLEX/STARPLEX II Devel- 
opment System. When installed directly in a STAR- 
PLEX/STARPLEX II Development System, the Inte- 
gral ISE supports only single processor emulation. 

(From this point on “STARPLEX” will signify 
“STARPLEX/STARPLEX II”.) 

There are three very important advantages to this 
approach to system emulation: 

Economy is the prime advantage. The customer 
needs to purchase exactly v;hat his application 
requires. For simple single processor applications, 
the user can install the Integral ISE directly into any 
STARPLEX Development System without being re- 
quired to purchase an entire emulation chassis. 
Since the Trace and Mapped Memory boards are 
standard logic modules, the customer will require 
only one set of these boards in most applications, 
whereas he might have several different types of tar- 
get modules. In this manner, the user would be 
allowed to change his target module set-ups for one 
processor to another quickly and conveniently with- 
out changes of any kind to the Trace and Mapped 
Memory boards. 

Convenience is an obvious advantage. The user need 
only master one software package— a single host 
software driver program— which supports all the 
features of the Integral ISE and its entire set of com- 
patible target boards. Specific characteristics of the 
emulated microprocessor which must be known by 
the driver program (e.g., register complement, word 
size, status bits, etc.) are recorded on a “target 
specific” diskette which is supplied with each differ- 
ent target board. The driver program upon initialization 
reads the target board status which identifies the 
target processor device type. This information 
together with the data contained on the “target 
specific” diskette allows the software driver to display 
data to the user in a syntax consistent with each 
processor type. 

The Integral ISE software package is totally inte- 
grated into a STARPLEX Development System. All of 
the ease-of-use concepts that set the STARPLEX 
above other development systems are designed into 
the Integral ISE system. 

The software is invoked with a single keystroke on a 
STARPLEX keyboard, as are all other STARPLEX 
system resources. A fill-in-the-blank menu appears 
on the CRT and prompts the user to select the micro- 
processor to be emulated. During the emulation pro- 
cess a portion of the CRT screen is reserved to 
inform the user of emulation status. This status 
information includes the type of microprocessor(s) 
selected for emulation, the state of the emulated 
microprocessor(s), breakpoint condition mask, and 
whether or not breakpoints are enabled. 


Should the user wish to review the full range of the 
Integral ISE commands available he can call for 
“HELP”: the “HELP” key on a STARPLEX keyboard 
allows the user to display information describing 
the Integral ISE software functions. 

Performance is the final advantage. Unlike other in- 
system emulators which are installed directly into a 
development system. National’s Integral ISE does 
not have to compete with the system bus in order to 
attain real-time emulation, either mapped or 
unmapped. Even though the Trace and Mapped 
Memory boards are physically within the develop- 
ment system, they do not interface directly with the 
system bus. They interface only with the Target 
Board through a specialized high-speed emulation 
bus connector. Only the Target Board has the capa- 
bility of interfacing to the system bus. The Mapped 
Memory board is dedicated to Integral ISE and does 
not occupy any STARPLEX Development System 
address space. 

Functional Description 

Support Various Microprocessors 

The Integral ISE is a flexible solution for users who 
wish to prototype systems involving one or more 
types of microprocessors. By changing a target 
CPU board. Integral ISE can be used to emulate 
various different microprocessors such as the 8085 
NSC800and Z80 microprocessors. 

Powerful Debugging Capability 

National Semiconductor’s Integral ISE provides all 
the usual features of a powerful in-system emulator, 
plus many more that make it the most powerful unit 
available today. The usual features include: program 
loading from the host mass storage unit to the Inte- 
gral ISE program memory; saving programs in the 
Integral ISE on the host system’s mass storage med 
ium; memory examination and modification; register 
examination and modification. Some of the addi- 
tional and more powerful characteristics include: 

• Real-Time Emulation of the Target 
Microprocessor 

Real-time emulation means that the target micro- 
processor is emulated in an applications system 
with the same hardware and software timing char- 
acteristics that the microprocessor chip will 
exhibit when it is plugged into the application 
system. Real-time emulation has been designed 
into the Integral ISE. Some design characteristics 
contributing to real-time emulation are: 

— Separation of the Host Development System 
Function. Separation of Integral ISE from the 
host development is a major contribution to 
real-time emulation. Integral ISE uses a sepa- 
rate internal bus from the host system, thus 
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eliminating bus access conflicts between the 
emulation function and the host control func- 
tions. its' internal structure is optimized for 
microprocessor emulation, and is not compro- 
mised by some predefined architecture. 

— System Clock Selection. In the early stages of 
the applications system checkout, where minor 
timing variations are more easily tolerated, the 
applications system designer may choose to 
run the emulator using the Integral ISE system 
clock. In the final checkout stages, where real- 
time emulation is much more critical, the de- 
signer may choose to run the emulator using 
the applicaton system’s own clock. Integral 
ISE will support either mode of operation. 

— Positioning of the Emulator Processor. Propa- 
gation delays in cables and buffers can con- 
tribute significant timing errors to the emula- 
tion process. For this reason, the emulation 
processor is located on a cable board only 
eight inches from the emulation plug to the 
applications system microprocessor socket. 
High-speed buffers are used to transmit sig- 
nals between the emulation processor and the 
applications system. 

— Emulation Processor Selection. Wherever pos- 
sible an exact copy of the microprocessor being 
emulated is used as an emulation processor. 
For example, when an 8085 microprocessor is 
being emulated, an 8085 is used as the emula- 
tion processor. Instruction execution times and 
control signal timing are therefore identical to 
the timing that will be experienced in the final 
system. 

• Breakpoint Conditions Provided for 
Two breakpoint registers (BPC) can be defined on 
a 32-bit, maskable word. Each breakpoint register 
is specified by: 

— 16 bits of address 

— 8 bits of target CPU status 

— 8 bits of user hardware status 

Each bit of the 32-bit breakpoint register mask 
may be specified to compare on “$” or “0”, or 
“don’t care”. The user can then specify a break- 
point to occur when any one of the following 
conditions is met: 

— If BPC #1 is met 

— If BPC #2 is met 

— If BPC #1 or BPC #2 is met 

— If BPC#1 is met after BPC#2 is met 

— If BPC #2 is met after BPC #1 is met 
Integral ISE can also be told to “coast” after the 
breakpoint combination has been satisfied 
before suspending operation: 

— Coast until n more BPs are encountered 

— Coast until n more BPC #1s are encountered 


—Coast until n more BPC #2s are encountered 

— Coast until n more read cycles are 
encountered 

— Coast until n more write cycles are 
encountered 

— Coast until n more Instruction fetches are 
encountered 

— *Coast until n more memory read cycles are 
encountered 

— ‘Coast until n more memory write cycles are 
encountered 

— ‘Coast until n more memory read or write 
cycles are encountered 

— ‘Coast until n more I/O read cycles are 
encountered 

— ‘Coast until n more I/O write cycles are 
encountered 

— ‘Coast until n more I/O read or write cycles - 
are encountered 

— ‘Coast until n more interrupt acknowledges 

— ‘Coast until n more serial input data 

— ‘Coast until n more serial output data 

— Coast until n more of all the above 

Note: 0< n < 256; Those coast options preceded by a * are only available 
if the target microprocessor puts out the necessary status information. 

There are five breakpoirit (BP) combinations and 
sixteen “Coast” combinations, making a total of 
eighty total possible breakpoint conditions. 

• Program Trace 

Integral ISE maintains a constant record, in real- 
time, of the last 256 cycles performed by the tar- 
get microprocessor. Forty bits of information are 
recorded for each cycle: 

— 16 bits of address 
—8 bits of data 

— 8 bits of CPU status 

— 8 bits of user-defined status, via the 8-bit 
status cable 

The type of information recorded in the trace 
memory is selectable in thirteen ways: 

— All write cycles only 

— All read cycles only 

— Instruction fetches only 

— ‘Memory read cycles only 

— ‘Memory write cycles only 
— ‘Memory read or write cycles 

— ‘I/O read cycles only 

— ‘I/O write cycles only 
— ‘I/O read or write cycles 

— ‘Interrupt acknowledges 

— ‘Serial input data only 

— ‘Serial output data only 

— All of the above 

Note: Those options preceded by a * are only available if the target 
microprocessor puts out the necessary status information. 
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Integral ISE generates a Sync Pulse each time data is 
recorded in the trace memory. 

• Target Board Control Features 

The target microprocessor will be placed in an 
inactive state at the end of the current instruction 
when one of the following conditions occurs: 

— The user gives a halt-command to the given 
target 

— A breakpoint is encountered 
—The Integral ISE is in single-step mode 
When a target is halted, the user may take any 
one or all of the following actions: 

— Examine and change the target’s registers, 
memory, or port 

— Dump trace memory for examination 
— Change emulation specifications 
— Change memory map 

• Flexible Memory Mapping 

A 32K mapped memory space is available for the 
Integral ISE. The applications program may be 
mapped into Integral ISE memory in 1 K blocks. 
These blocks need not be contiguous. The mem- 
ory map may be specified and altered under pro- 
gram control, and any segment may be write 
protected. In addition, data may be copied from 
the applications system memory to the Integral 
ISE memory. 

• Microsecond Timer 

National Semiconductor’s Integral ISE has a 16- 
second timer which counts in one-microsecond 
increments. The user may use this timer to mea- 
sure the time elapsed between any two points of 
this program. The two points in the program must 
be defined through breakpoint conditions; the 
clock starts counting as breakpoint #1 is encoun- 
tered and stops when breakpoint condition #2 is 
encountered. 

• User Status Cable 

Integral ISE provides the user with a six-foot 
cable carrying eight probes. The user may hook 
these probes anywhere in his system and treat 
the status of these points as part of his break- 
point word and trace a word. 

Convenient Software 

Several tools are provided to make the Integral ISE 
a very convenient emulation system to use. Many 
of the debugging features available for software 
development, like symbolic debugging, are now 
available for system development. 


• Symbolic Debugging 

Programmers use symbols to reference program 
and data memory when writing programs, but they 
are usually required to use absolute hexadecimal 
addresses when referencing those locations 
during program debug. Integral ISE allows the 
designer to use those same symbols to reference 
program and data memory during program 
debug. A symbol table is generated when the 
program is first assembled or compiled in the 
host development system. That symbol table is 
passed to the driver program in the host system 
for use during the debugging operations. During 
debugging operations, symbols may be added or 
deleted, and symbol values may be redefined. 

• In-Line Assembler 

A one-pass line-by-line assembler is provided to 
allow modification of object code in the Integral 
ISE memory or the applications system memory 
without having to manually convert symbolic in- 
structions to machine language. The in-line as- 
sembler accepts program modifications in the as- 
sembly language of the target microprocessor, 
assembles them, and inserts them into the object 
program at the locations specified by the system 
programmer. 

• Disassembler 

The disassembler reads specified segments of 
Integral ISE or applications system. memory, dis- 
assembles them, and displays their contents in 
the assembly language mnemonics of the target 
microprocessor. This feature eliminates many of 
the tedious manual steps normally involved in 
application debug. 

• Automatic Testing 

The application system designer often wishes to 
perform a predefined sequence of tests on the 
system over a relatively long period of time. Inte- 
gral ISE has an automatic testing mode whereby 
the designer may write. a sequence of test steps 
in a language similar to BASIC, store those tests 
in the memory of the host system, and initiate the 
test sequence. Integral ISE will perform the tests 
in the specified sequence and, if requested, 
record the results on a disc or a hard copy device 
of the host system. Branching and conditional 
branching are also permitted in the test program. 
This feature is especially useful for rigorous proof 
that all parts of the applications system are in 
fact working, for detecting and documenting in- 
frequent failures, and for performing “life” tests. 
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The list of predefined test sequences resides in a 
file created by using the Integral ISE software or 
the development system’s Text Editor. Once the 
file is resident on disc, it can be retrieved, 
deleted, edited, etc., by the Integral ISE Software 
Package. 

The following commands ailow the user to 
perform automatic testing functions; 


DELETE 

Deletes a range of lines from the test 
program. 

EXECUTE 

Executes the test program. 

LIST 

Lists the test program. 

LOAD FAST 

Loads the specified test program 

INFILE 

from disc. 

SAVE FAST 
INFILE 

Saves the test program on disc. 

SCRATCH 

Deletes the entire test program. 

END 

Directive to end test program and 
return control to command mode. 

GOTO 

Unconditional branch to another 
statement in test program. 

IF 

Conditional branch to another 
statement in test program. 

INPUT 

Enables user to interact with test 
program at run time to specify data 
values. 

PRINT 

Prints number and string data on 
console. 

ERROR 

Allows errors to occur during testing 
without halting the test. 

CALL 

Passes control to a line in an INFILE 
subroutine. 

RETURN 

Returns control from an INFILE 
subroutine. 

SET 

Sets a specified INFILE parameter to 

PARAMETER 

a value. 

Command Summary 

Initialization and Setup Commands 

CHANGE 

Change target-specific system 
configuration characteristics. 

HOLD 

Enables or disables hold timeout 
for the selected target processor. 

INITIALIZE 

Causes a reset of the target 
board firmware and clears the 
work registers of the selected 
target processor. 

LATCH 

Selects trigger for input validity 
from the user status cable. 

LOCK 

Forces all target processors into 
“hold” state to allow power-down 
of user system. 

RESET 

Indicates that the selected target 
processor registers are to be 
reset prior to the resumption of 
emulation. 

NORESET 

Rescinds the RESET command. 


RADIX Establishes the default input and 

dispiay mode (binary, octal, 
decimal of hexadecimal). 

WAIT Enables or disables wait timeout 

for the selected target processor. 

Memory Mapplng/Demapplng Control 

MAP This command enables or 

disables use of ISE memory 
and allows copying betwen ISE 
and user memory. 

GUARD Write-protects any block of target 

I/O ports or memory. 

UNGUARD Write-enables any block of target 

I/O ports of memory. 

Breakpoint Control 

BREAK Suspends emulation when the 

specified break conditions are 

met in the target system. 

TIME Displays the time interval 

between occurence of 
breakpoints A and B, when B 
occurs after A. , 

Emulation Commands 

RUN Continues the system emulation 

untii a break condition is 
satisfied. 

STEP Continues the system emulation 

in single-step mode. 

Trace Control 

TRACE Selects target activity to be 

recorded into the trace memory. 

Memory/Register/Port Modification and 

Display Commands 

CHANGE Replaces contents of memory 

locations with new data values 
or writes values to I/O ports. 

DISPLAY Displays portions of target 

processor memory, register, i/0 
port, or trace data. 

MOVE Transfers a region of memory 

into another region. 

SEARCH Searches a range of memory 

iocations for a specified value 
and displays the locations where 
the value is found. 

Symbol Table and File Manipulation Commands 

DELETE Deletes the specified symbol(s) 

from the symbol table file. 

LOAD Fetches an in-flle program or 

load file from disk medium or 
opens a symbol table file. 



13-7 



SAVE 

Creates and saves in-flle 
programs or load files on disk or 


closes symbol table files. 

LIST 

Display all or part of the INFILE. 

Utility Commands 

ECHO 

Selects the host processor’s 
echoing device for hard copy 
history. 

PRINT 

Displays strings and expressions. 

ARCHIVE 

Saves the system status on disk 
for later retrieval. 

RESTORE 

Restores the system status 
saved by ARCHIVE. 

DIAGNOSTIC 

Performs limited testing of Trace 
and Memory Boards. 

Specifications 

Environmental 

Operating Temperature 10°C 
(50°F) to 32”C (90”F) 

Storage Temperature -40'’C 
(-40°F) to 75°C (167‘’F) 

Power 

All boards -t-SVoceach 

Board Involved Worst 

Target Board 4.2A (21.6w) 

Cable Board 1.9A (9.5W) 

Integral ISE Set: 

Trace Board 3.6 A (18.0W) 

Status Board 0.3A(1.5W) 

Memory Board 5.5A (27.5W) 

Total 15.5A (77.5W) 

Memory 

Mappable — 32K bytes in 1 K 


byte increments 

Trace — 256 x 40 bits 

Physical 

Target Board 

Height — 7.15 in. (18.16 cm) 
width — 12.00 in. (30.48 cm) 
Depth — 0.50 in. (1.27 cm) 


Cable Board 

Height — 9.00 in. (22.86 cm) 
Width — 4.55 in. (11.56 cm) 

Depth — 0.54 in. (1.37 cm) 

Cable Board Housing 
Height — 9.75 in. (24.76 cm) 
Width — 5.75 in. (14.60 cm) 

Depth — 1.62 in. (4.11 cm) 

Status Board Housing 
Height — 6.00 in. (15.24 cm) 
Width — 3.00 in. (7.62 cm) 

Depth — 0.50 in. (1.27 cm) 

Memory Board 
Height — 6.75 in. (17.75 cm) 
Width — 12.00 in. (30.48 cm) 
Depth — 0.50 in. (1.27 

Trace Board 

Height — 6.75 in. (17.75 cm) 
Width — 12.00 in. (30.48 cm) 
Depth — 0.50 in. (1.27 cm) 

Cables 

Target Board Cables — 

72.0 in. (6 ft.) 

Cable-Board/User Cable — 

15.0 in. (1 ft. 3 in.) 

Approximate overall length from 
STARPLEX base module to the 
40-pin connector— 96 in (8 ft.) 


Prerequisites 

Any STARPLEX/STARPLEX II Development System. 
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FIGURE 1. Integral ISE Components Installation 



Order Information 

(Includes One 32 K Byte Mapped Memory Board, One SPM-90-A13-4 NSC800 Emulator Package 

Trace Board, Cables, and One ISE TTL Status Cable Pod.) SPM-90-A13-7 Z80 Emulator Package 


For STARPLEX Development Systems: 

SPM-A13 Integral In-System Emulator Package 
SPM-A13-3 8085 Emulator Package 

SPM-A13-4 NSC800 Emulator Package 
SPM-A13-7 Z80 Emulator Package 

For STARPLEX II Development Systems: 

SPM-90-A13 Integral In-System Emulator Package 
SPM-90-A13-3 8085 Emulator Package 


Documentation 


420305789-001 

420306198-001 

420306240-001 

420306421-001 

420306692-001 

420308101-001 


8080/8085 Macroassembler Software 
User’s Manual 

NSC800 Cross-Assembler Software 
User’s Manual 

8085 Integral ISE User’s Manual 
NSC800 Integral ISE User’s Manual 
Z80 Integral ISE User’s Manual 
80CX48 Integral ISE User’s Manual 



Integral ISE System Configuration 
SPM-A13 with SPM-A13-X, 
SPM-90-A13 with SPM-90-A13-X 
(Total: 3 Boards and 2 Pods) 
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MOLE" (Microcontroller 
On Line Emulator) 
Development System 

MOLE SYSTEM 

A MOLE (Microcontroller On Line Emulator) system 
consists of three components: a MOLE Brain board, a MOLE 
Personality board, and the user's host CPU. This partitioning 
provides the microcontroller design engineer with a new 
concept in flexibility. As an example of this flexibility consider 
the latitude in choice of host CPU. The host CPU may be 
National Semiconductor’s COP400-PDS, STARPLEX I™ 
or STARPLEX II™, Intel’s MDS800 or INTELLEC™ 

Series II, or any other CPU operating under CP/M®— 
even one of many inexpensive personal computers. Soft- 
ware provided by National Semiconductor will run under 
control of the host computer CP/M operating system. 


Further flexibility is provided by the Personality board. This 
component tailors the system to the emulation of a singie 
microcontroller family or device. For instance, one 
Personality board supports COPS™ CMOS family, another, 
the NS455 Terminal Management Processor. These two 
boards support 21 microcontroller device types. 

The Brain board is the pivotal component of the MOLE 
concept. In conjunction with a CRT terminal and Personality 
board it provides the user with a freestanding workstation for 
microcontroller emulation. It ties the system together by 
communicating with the host CPU, the Personality board and 
other Brain boards. Multiple Brain boards, tied to a common 
host, can function as emulators for individual projects where 



e 
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MOLE System Configuration 



each Brain board is a separate project workstation. They can 
also function as individual microcontroller emulators within a 
multicontroller system. 

The flexibility of the MOLE concept allows the user to 
efficiently emulate a wide range of microcontrollers in any 
application environment. 

The MOLE components have been selected to provide 
maximum utility. The host CPU contributes cost effective bulk 
storage and high speed processing. Disk editing and 
assembly operations are handled by the host CPU. The 
results are down loaded to the Brain board over the RS-232 
link. The Brain/Personality board combination then provides 
full emulation capabilities. 

The resident firmware allows the user to: display and alter 
memory in both hex and mnemonic format; initiate 
breakpoints, traces and timing on addresses or external 
events; examine and modify the internal resources of the 
microcontroller being emulated. Hardware and firmware are 
provided for programming EPROMs and EEROMs. 

Once debugged, the code is transmitted via modem to 
National Semiconductor for use in creating the tooling 
required to manufacture the masked microcontroller 
part. 

Thus the MOLE concept provides maximum flexibility to 
accommodate microcontrolier selection and maximum utility 
for product development. 
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MOLE System Block Diagram 


MOLE (Microcontroller On-Line Emulator) Development System 


















MOLE (Microcontroller On-Line Emulator) Development System 


MOLE BRAIN BOARD 

The Brain board is the pivotai component of the MOLE 
concept. In conjunction with a CRT terminal and Personality 
board it provides the user with a freestanding workstation for 
microcontroiler emulation. It ties the system together by 
communicating with the host CPU, a Personality board and 
other Brain boards. Multiple Brain boards, tied to a common 
host, can function as emulators for individual projects where 
each Brain board is a separate workstation. They can also 
function as individual microcontroller emulators within a 
multicontroller system. 

The choice of host CPU is largely left to the user. The 
host CPU may be National Semiconductor’s 
COP400-PDS, STARPLEX I or STARPLEX II, Intel’s 
MDS800, INTELLEC Series II, or any other CPU operating 
under CP/M— even one of many inexpensive personal 
computers. 

The MOLE Brain board uses a NSC800™ microproc- 
essor with 64K RAM and 32K ROM. It has an EPROM/ 
EEROM programmer for on line changes in software. 
There are three RS-232 ports and a bus to connect the 
Brain to the MOLE Personality boards for actual emula- 
tion of software in the user’s application system. 

The RS-232 ports are used via the communication routine, 
in firmware, to interface with a host CPU and a user terminal, 
plus a printer or other MOLEs. This gives the user great utility 
during system development. 

The bus allows the user access to the entire MOLE family 
of Personality boards. These Personality boards tailor the 
MOLE system to each specific microcontroller family. Thus 
the MOLE concept provides maximum flexibility to 
accommodate microcontroller selection and maximum utility 
for product development. 
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• Supports NSC’s entire family of MOLE Personality boards 

• Single 5V operation 

• Ability to interface to a wide variety of host corpputers 

• Full communication control with host computer, a modem 
or other MOLEs 

• Three RS-232 ports 

• Auto baud selection (110, 300, 600, 1200, 2400, 4800, 
9600, 19200 baud) 

• Mask data submission via modem 

• Self diagnostics 

• Program EPROMS 

MM2716, NMC27C16 
MM2732, NMC27C32 
NMC2764 

• Program EEROMS 

NMC2816 


PHYSICAL SIZE 
10" X 12" 

POWER REQUIREMENTS 
+5V DC @ 3.5A 
-(-21V or -I-25V @ 50mA 
(Optional— required only for PROM programming) 
WHAT P/N TO ORDER 
MOLE-BRAIN 


MOLE-BRAIN PACKAGE CONTAINS 
MOLE Brain Board 
MOLE Brain User’s Manual 
2 RS-232 Cables 
Power Cable 
Miscellaneous Hardware 


MOLE Brain Board Block Diagram 
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MOLE COPS CMOS FAMILY 
PERSONALITY BOARD 

The CMOS COPS Family Personality Board supports 
the emulation of the COP400 CMOS family of microcon- 
trollers, specifically, the COP444C, COP445C, COP424C, 
COP425C, COP426C, COP410C. COP411C. The 
Personality board aliows the user to emulate the appropriate 
CMOS Microcontroiler in the end system for fast 
deveiopment of the user’s appiication software and 
hardware. The Personaiity Board consists of: a monitor in 
firmware; the hardware to control the operation of the 
microcontroiler in the emuiation system; and an 
in-System-Emuiator cabie to connect the emulator to the 
application system. The ISE™ cabie has the same pin 
configuration as the final masked part. 

The Personality board monitor is contained in 32K of ROM 
and is directiy executable by the NSC800 microprocessor on 
the Brain board. The monitor commands wiii aliow the user to 
execute the application software, examine internal registers 
and I/O, examine and change object code, execute time 
measurement and set trace or breakpoints. 

The Personality board also contains shared memory 
(RAM) for application programs and the necessary hardware 
logic for trace and breakpoint operation. 

As soon as the program is thoroughiy tested, the code 
is sent via modem to National Semiconductor for use in 
creating the tooiing required to manufacture the masked 
CMOS COPS production part. 

The CMOS Personality board is oniy one of a family of 
Personality boards that tailor the MOLE system to a specific 
microcontroiier family. Thus, the MOLE concept provides 
maximum fiexibiiity in microcontroller selection and maximum 
utility for product deveiopment. 
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• Supports entire COPS CMOS family 

• Single 5V operation 

• Firmware monitor directly executed by Brain CPU 

• Firmware diagnostics directly executed by Brain CPU 

• 2K bytes of shared memory 

• 256 deep trace memory 

• Eight external event inputs 

• Trace on muitiple addresses 

• Trace on multipie address ranges 

• Trace on external events 

• Breakpoint on muitiple addresses 

• Breakpoint on muitiple address ranges 

• Breakpoint on external events 

• List and aiter shared memory 

• Print and modify internai registers 

• Singlestep 

• Next— singlestep around subroutine calis 

• Trigger output for logic analyzer 

• Real time emulation 


PHYSICAL SIZE 
12" X 12" 

POWER REQUIREMENTS 
-I-5V @ 3.5A 

WHAT P/N TO ORDER 
MOLE-COPS-PB001 

MOLE-COPS-PB001 PACKAGE CONTAINS 
MOLE CMOS COPS Personality Board 
MOLE CMOS COPS PB Manual 
3 Emulator Gables 
Power Cable 
Miscellaneous Hardware 


MOLE CMOS COPS Family Personality Board Block Diagram 
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MOLE NS455 (TMP) 

PERSONALITY BOARD 

The NS455 Personality board allows the MOLE system to 
emulate the NS455 Terminal Management Processor. The 
Personality board consists of a firmware monitor, emulation 
hardware and an In-System-Emulator, ISE, cable. The ISE 
cable has the same pin out as the masked part and 
allows the Personality board to function within the ap- 
plication system. 

. The NSC800 CMOS microprocessor, located on the Brain 
board, directly executes the 32K of Personality board monitor 
firmware. The monitor allows execution of application 
software, examination and alteration of internal registers, 
examination and alteration of memory contents and setting of 
trace and breakpoints. The ISE cable connects these 
capabilities to the application system. Up to eight external 
events may be traced and stored in the 2K deep trace 
memory. Multiple breakpoint and machine code unassembly 
commands are at the user’s disposal. 

Application programs of up to 8K bytes in length may be 
executed from Personality board RAM or user system 
memory. Video display RAM also may be accessed from the 
Personality board (2K bytes) or user system memory (64K x 
1 6). Unique character sets may be displayed by accessing a 
high speed character font memory. 

Once debugged, the code is transmitted via modem to 
National Semiconductor for use in creating the tooling 
required to manufacture the masked NS455 part. 

The NS455 is only one of a family of Personality boards 
that tailor the MOLE system to a specific microcontroller or 
microcontroller family. Thus the MOLE concept provides 
maximum flexibility to accommodate microcontroller 
selection and maximum utility for product development. 
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MOLE NS455 (TMP) Personality Board Block Diagram 


• Supports NS455 (TMP) microcontroller 

• Single 5V operation 

• Firmware monitor directly executed by Brain CPU 

• Firmware diagnostics directly executed by Brain CPU 

• 8K bytes of shared program memory 

• 2K bytes of video display memory 

• 2K bytes of character font memory 

• 2048 deep trace memory 

• Eight external event inputs 

• Trace on multiple addresses 

• Trace on multiple address ranges 

• Trace on external events 

• Breakpoint on multiple addresses 

• Breakpoint on multiple address ranges 

• Breakpoint on external events 

• List and alter shared memory 

• List and alter display memory 

• List and alter character font memory 

• Print and modify internal registers 

• Singlestep 

• Next— singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 


PHYSICAL SIZE 

12" X 12" 

POWER REQUIREMENTS 
+5V @ 4A 

WHAT P/N TO ORDER 
MOLE-TMP-PB001 

MOLE-TMP-PB001 PACKAGE CONTAINS 
MOLE TMP Personality Board 
MOLE TMP PB User’s Manual 
1 Emulator Cable 
Power Cable 
Miscellaneous Hardware 
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MOLE SOFTWARE 

MOLE supports host software packages for CP/M based systems and COPS-PDS systems. These packages contain all 
the necessary software for fast and efficient program development. The basic package contains user’s manual, target 
cross assembler, communication program and any microcontroller or host dependent utilities. Host software is supplied 
in the following disk formats: CP/M IBM-3740, CP/M Intel 8 in. single/double density and PDS-COPS. MOLE software is 
purchased separately from MOLE hardware. 


WHAT P/N TO ORDER FOR COPS DEVELOPMENT 


Host Computer 
PDS II 

STARPLEX I 
STARPLEX II 
Intel MDS800-SD 
INTELLEC ll-SD 
Intel MDS800-DD 
INTELLEC ll-DD 
IBM/3740 CP/M 


Disk Format 

COPS-PDS 8 in. single density 
8 in. standard (lBM/3740) single density CP/M 

Intel 8 in. single density CP/M 

Intel 8 in. double density CP/M 

8 in. standard (IBM/3740) single density CP/M 


Order Code 

MSFW-COPS-PDS 

MSFW-COPS-CPM 

MSFW-COPS-INT-S 

MSFW-COPS-INT-D 

MSFW-COPS-CPM 


WHAT YOU GET 

Each COP400 microcontroller package specifically contains: 


• USER’S MANUAL 

• DISKETTE containing: 


ASM400 COP400-Series cross assembler 

LINK Code linkage utility (PDS only) 

COMM MOLE/Host communication program 

HEXLM Code conversion utility (CP/M only) 

LMHEX Code conversion utility (CP/M only) 

M ASKTR ROM, OPTION transmittal/checking program (PDS only) 


WHAT P/N TO ORDER FOR NS455 DEVELOPMENT 


To select NS455 microcontroller development package for your system locate the required disk format and use the adjacent 
ordering code. 


Host Computer Disk Format 


Order Code 


STARPLEX I 
STARPLEX II 
Intel MDS-SD 
Intel MDS-DD 
IBM/3740 CP/M 


8 in. standard (IBM/3740) single density CP/M MSFW-TMP-CPM 


Intel 8 in. single density CP/M 
Intel 8 in. double density CP/M 
8 in. standard (IBM/3740) single density CP/M 


MSFW-TMP-INT-S 

MSFW-TMP-INT-D 

MSFW-TMP-CPM 


WHAT YOU GET 

Each NS455 microcontroller package contains: 

• USER’S MANUAL 

• DISKETTE containing: ASM455 

COMM 

HEXLM 

LMHEX 

FONT 


NS455 series cross assembler 
MOLE/Host communication program 
Code conversion utility 
Code conversion utility 
Character font building utility 


o 

1 “ 

m 
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MOLE (Microcontroller On-Line Emulator) Development System 


FEATURES 

• Internal masked ROM or external EPROM program 
execution 

• 80 Column x 25 Row display 

• 5x7 characters with 2 level descenders 

• 12 MHz video bandwidth 

• BALL or Composite Video Output. 

• 50/60 Hz operation 

• RS232C Serial Interface with Full Duplex 110-19.2K 
BAUD 

• Status Line Display 

• 24 Escape Sequences 

• 15 Control Sequences 


NS455 DEMONSTRATION BOARD 

The NS455 Demo Board typifies the type of minimum CRT 
data terminal system possible with a masked NS455 
Terminal Management Processor. With the addition of a 
video monitor, ASCII encoded keyboard and power supply 
one has a complete data terminal. Alternatively one may 
write his own program and have the NS455 execute it by 
going external for program memory. 

Through the many Escape sequences programmed into 
the chip, a user has complete control over terminal operation. 
In addition, the many cursor and character attribute display 
options available may be easily evaluated. 
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TMP Demo Board Blook Diagram 


PART NUMBERS 

The TMP (Terminal Management Prooessor) boards can 
be ordered by requesting the following part numbers: 
TMP-DEMO-12 

(for 5 X 7characterfont— 12 MHz bandwidth) 
TMP-DEMO-18 

(for 7x9 character font — 18 MHz bandwidth) 
CONTAINS: 

Demo Board 

NS455-Series Data Sheet 
Demo Board Operating Manual 
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TMP Demo Board 
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^ National Semiconductor 



a Real-Time In-System Emulation of 0 Plugs Directly Into Any STARPLEX™/ 

NSC800 Microprocessor STARPLEX ir” Development System 

B Supports Two Modes of Operation 

» Program Development 
® Single Processor Emulation 



Product Overview 

National’s NSC800 Emulator Package gives the 
designer of NSC800 based systems the kind of 
sophisticated tool required for efficient microcom- 
puter development. The NSC800 Emulator Package, 
In conjunction with the Integral ISE"^^ Package and 
the STARPLEX/STARPLEX II Development System, 
provides capabiiities that up to now have not been 
availabie in this type of instrument. 

National’s Integral ISE Package is installed directly 
in any STARPLEX/STARPLEX II Development Sys- 
tem. This package consists of two logic boards 
(TRACE logic and MAPPED MEMORY). These two 
logic boards provide the user with 32 K bytes 
tracing and memory mapping. These resources are 
available for the emulation of any processor since 
the individual emulation packages are the only 
components dedicated to particular processors. 
This approach simplifies changing processors 
since the user needn’t learn a new ISE''^^ language 
each time he changes emulation packages. 


The NSC800 Emulator Package provides the physi- 
cal and electrical interface between the Integral 
ISE package, the STARPLEX Development System 
and an NSC800 based system undergoing develop-' 
ment. When installed in a STARPLEX Development 
System, it connects to the User’s System via the 
Cabie Pod and a 40-pin plug to the system under 
development. In this configuration, the entire sys- 
tem supports two modes of operation. These modes 
are program deveiopment and single processor 
emulation. 

The program deveiopment mode permits the user 
to develop and debug his software even though he 
has no prototype hardware available. The emulator 
package provides the clocks and memory neces- 
sary for this task. During emulation of a single pro- 
cessor, the user’s hardware provides the actual 
clock signal thus forcing the entire Integral ISE 
system to operate at the actual clock rate of the 
user’s system. 
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Loading Information for 40-Pin Connector 


Output Load (mA) 


VoH = loH VoL = lOL 


Input Load OiA) 


V|H = l|H V|L = l|L 



Time Delay (To) 
Between NSC800 
& 40 Pin Plug 


0 
0 
0 
0 
0 
0 
0 
0 
0 



lO/M 

MGK 

mm 

RESET OUT 
W^T 
PS 
Vcc 
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NSC800 Emulator with Integral ISE Components Installation 





Specifications 

Environmental Operating Temperature 10°C 
(50°F) to 32-0 (90°F) 

Storage Temperature -40°C to 
-40“F 


Trace Board 

Height — 6.75 in. (17.75 cm.) 
Width — 12.00 in. (30.48 cm.) 
Depth — 0.50 in. (1.27 cm.) 


Power 

All Boards -f 5Vdc each 



Board Involved 

Typical 

Worst 


NSC800 Target 

3.6A 

4.2A 


Board 

(18.0W) 

(21 .OW) 


NSC800 Cable 

1.4A 

1.9A 


Board 

(7.0 W) 

(9.5 W) 


Integral ISE Set 

Trace Board 

2.0A 

3.6 A 


Status Board 

Memory Board 

(10.0W) 
0.3A 
(1.5W) 
2.7 A 

(18.0W) 

5.5A 


Total; 

(13.5 W) 

50.0 W 

(27.5W) 

77.0 W 

Physical 

Target Board 
Height — 7.15 in. 

(18.16 

cm.) 


Width — 12.00 in 

. (30.48 cm.) 


Depth — 0.50 in. 

(1.27 cm.) 


Cable Board 

Height — 9.00 in. (22.86 cm.) 


Width — 4.55 in. (11.56 cm.) 
Depth — 0.54 in. (1.37 cm.) 

Cable Board Housing 
Height — 9.75 in. (24.76 cm.) 
Width — 5.75 in. (14.60 cm.) 
Depth — 1.62 in. (4.11 cm.) 

Status Board Housing 
Height — 6.00 in. (15.24 cm.) 
Width — 3.00 in. (7.62 cm.) 
Depth — 0.50 in. (1.27 cm.) 


Cables 

Target Board Cables — 

72.0 in (6 ft.) 

Cable-Board/User Cables — 

15.0 in (1 ft. 3 in.) 

Approximate overall length from 
STARPLEX base module to the 
40-pin connector — 96 in. (8 ft.) 

Prerequisites 

Any STARPLEX/STARPLEX II Development System and 
Integral In-System Emulator Package (SPM-A13, 
SPM-90-A13) 

Order Information 

(Includes Target Board, Lightweight Plastic Cable Pod, 
Cables, Software for ISE Host Driver and NSC800 Dis- 
play Charge for Mnemonic Assembly and Disassembly. 
SPM-A13-4 also includes NSC800 Cross-Assembler 
Software.) 

For STARPLEX Development Systems; 

SPM-A13 Integral In-System Emulator Package 

SPM-A13-4 NSC800 (5V) Emulator Package 

For STARPLEX II Development Systems: 

SPM-90-A13 Integral In-System Emulator Package 
SPM-90-A13-4 NSC800 Emulator Package 

Documentation 

420306198-001 NSC800 Assembler 

Software User’s ManuaP 

420306241-001 Integral In-System Emulator (NSC800) 
User’s ManuaF 

1. Included with SPM-A13-4 not SPM-90-A13-4. 

2. Included with both SPM-A13-4 and SPM-90 A13-4. 


Memory Board 
Height — 6.75 in. (17.75 cm.) 
Width — 12.00 in. (30.48 cm.) 
Depth — 0.50 in. (1.27 cm.) 
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^ National Semiconductor 


PASCAL 

PASCAL High Level Language Compiler 
For STARPLEX II™ Development Systems 



■ Executes On All STARPLEX II 
Development Systems 

■ Compatible With Existing ISO Standard 
PASCAL 

B Highly Portable And Extended Source 
Programs 

□ Code Generation For 8080/8085 and 
NSC800™/Z80 Microprocessors 


□ Relocatable And Linkable Object Code 
Output 

□ Reentrant Procedures as Specified by 
User 

□ Extensions For Easy Hardware Access 
Via High Level Statements (Absolute 
Addresses and Input/Output Ports) 


Product Description 

PASCAL is a high level language compiler designed 
for STARPLEX II Development Systems. Available in 
two versions, this highly efficient and powerful com- 
piler generates relocatable object code for 8080/ 
8085 and NSC800/Z80 microprocessors.- 
PASCAL has proven to be one of the most popular, 
effective and powerful program development tools 
available today. With STARPLEX II PASCAL, pro- 
grammer productivity is greatly improved because 
the programmer can concentrate on system develop- 
ment rather than all the details of assembly lan- 
guages. Since PASCAL uses data structures that 
are very close to typical microprocessor architec- 
tures, it allows for efficient use of the machine. 
PASCAL programs are efficiently converted to assem- 


bly language instructions thus requiring fewer state- 
ments. Software development and maintenance 
costs are significantly reduced. 

Free form PASCAL source programs are efficiently 
and effectively converted into 8080/8085 and 
NSC800/Z80 assembly language instructions. A giv- 
en program, when written in PASCAL, requires much 
fewer statements than would the equivalent program 
written in assembly language. Thus, software devel- 
opment and maintenance costs are significantly re- 
duced due to the block oriented structure that re- 
sults naturally from the use of PASCAL. User pro- 
gramming conventions and structured programming 
techniques are easily accommodated by the free 
form source statements of PASCAL. 
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Functional Description 

The STARPLEX II PASCAL compiler is a system 
program which accepts PASCAL language source 
modules and produces linkable object modules. Ob- 
ject modules may be linked to form executable PAS- 
CAL programs. The STARPLEX II PASCAL compiler 
is compatible with the International Standards Orga- 
nization (ISO) standard and has extensions to facili- 
tate access to and manipulation of machine data 
structures. Code generated by the STARPLEX II 
PASCAL compiler is native machine code, rather 
than the intermediate p-code found in other micro- 
computer PASCAL compilers. The execution speed 
of programs compiled to machine code is much fast- 
er than those complied to p-code, thus maintaining 
the programming advantages of a high-level lan- 
guage without sacrificing execution speed. 

The STARPLEX II PASCAL compiler invocation is 
similar to that of other STARPLEX II software. In 
many cases, no changes to existing PASCAL pro- 
grams are required. STARPLEX II PASCAL has a 
number of extensions which may be incorporated 
into existing PASCAL programs to make it faster, 
smaller, and easier to debug. In many cases, be- 
cause of STARPLEX II PASCAL’S many low-level 
escapes to the machine level, programs written in 
STARPLEX II PASCAL can be comparable in speed 
to programs written in assembly language. 

The STARPLEX II PASCAL compiler reads source 
files containing PASCAL source modules and pro- 
duces: 

• a linkable object module containing object 
code, 

• a listing of the STARPLEX II PASCAL source 
statements, 

• a listing of syntax and semantic errors and 
warning messages, 

• an optional listing of object code in assembly 
language mnemonics. 

Compilation is one step in the formation of an exec- 
utable PASCAL program. The formation of a com- 
plete program involves the following steps: 

• Writing the PASCAL “Source Modules” using 
the TEXT EDITOR. 

• Compiling the source files to produce linkable 
“Object Modules”. 

• Linking the object modules to create an 
executable PASCAL “Load Module”. 

When the source module(s) have been created us- 
ing the STARPLEX II TEXT EDITOR, choose the 
correct PASCAL diskette for the type of compilation 
desired. The 8080/8085 version of the PASCAL 
compiler can generate code that can be used for an 
8080 or 8085 based system, while the NSC800 ver- 
sion of the PASCAL compiler can generate code 
that can be used for an NSC800 or Z80 based sys- 
tems. 


Extensions 

As stated before, the STARPLEX II PASCAL pro- 
vides many extensions to the ISO standard PAS- 
CAL. The following is an overview of the extensions. 

1. Direct files: To enhance standard PASCAL’S file 
capabilities, direct (random access) files are imple- 
mented, and accessed with the SEEK procedure. 

2. Variable-length strings: A special variable-length 
string type called the LSTRING is implemented in 
STARPLEX II ‘PASCAL to overcome standard PAS- 
CAL’S inadequate string-handling capabilities. Spe- 
cial predeclared procedures and functions are avail- 
able to facilitate use of the feature. 

3. Super arrays: A special variable-length array dec- 
laration permits both passing arrays of different 
lengths to a reference parameter, as well as dynam- 
ic allocation of arrays of difference lengths. 

4. BYTE/WORD types: Predeclared BYTE (0-255) 
and WORD (0-65535) types are available to facilitate 
programming at the system level. 

5. String reads: Strings can be read as structures 
rather than character by character as with the stan- 
dard procedures READ and READLN. 

6. Nondecimal numbering: Hexadecimal, octal, and 
binary numbering are allowed to facilitate program- 
ming at the byte and bit level. 

7. Address types (segmented and unsegmented): A 
special address type is implemented to allow manip- 
ulation of actual machine addresses. 

8. Interface to assembly language: PUBLIC and EX- 
TERN procedures, functions and variables are imple- 
mented to allow for low-level interfacing to assembly 
language and library routines. 

9. Separate compilation: MODULES are implement- 
ed to allow portions of a program to be compiled at 
separate times. 

10. VALUE section: Variables in a program can be 
given initial constant values in the VALUE section of 
a program. 

11. Structured function return values; Functions can 
return values of a structured type, as well as values 
of simple type. 

12. Support for interactive files; A special internal 
mechanism called “lazy evaluation” allows normal 
interactive input from terminals. 

13. OTHERWISE in CASE statements: An OTHER- 
WISE clause can be used in CASE statements to 
avoid explicitly specifying each case constant. 

14. STATIC attribute for variables; Variables can be 
given the STATIC attribute to indicate that they are 
allocated at a fixed location in memory rather than 
on the stack. 

15. ORIGIN attributes; Variables, procedures, and 
functions can be given the ORIGIN attribute to indi- 
cate their absolute location in memory. 

16. Underscores in identifiers: Identifiers may contain 
underscores to improve their readability. 
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User Interface 

Listings 

The PASCAL compiler can provide, upon request, 
source and object listings. Diagnostics will be provid- 
ed, regardless of list options. 

Source listings will include statement numbers with 
corresponding source statements. 

Object listings will show line number with corre- 
sponding object code (pseudo-assembly language) 
as well as relative memory locations and statistics 
(e.g., resources used) for the compilation. 

Diagnostic Messages 

Each error and warning flag contains a code number 
and a brief message. The code number indicates 
where in the list of error messages, a detailed expla- 
nation of that particular error or warning can be 
found. The brief message indicates an overview ex- 
planation of the incorrect condition detected. 

Code Generation and Optimization 
The STARPLEX II PASCAL Compiler handles local 
optimizations; basic block optimization, competent 
register allocation, special casing for common con- 
structs, some strength reduction, removal of dead 
code and of branch-around-branch. This produces 
smaller, faster and efficient object code. 


Predefined Procedures and Functions for 
Run-Time Support 

A number of predefined procedures and functions 
are included in the PASCAL compiler library which 
the user can use to facilitate his programming. 
These procedures and functions perform I/O, data 
allocation, arithmetic, string, and system operations. 
The procedures and functions are divided into the 
following categories: 

• I/O routines 

• Dynamic allocation routines 

• Mathematic routines 

• String routines 

• Manipulation routines 

• Library management routines 

While the Library procedures and functions must be 
declared EXTERN, all the other functions and proce- 
dures are predeclared and hence do not have to be 
declared in the user’s program. The use of these 
procedures and functions therefore do not require 
extra statement lines in the program itself. 
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Example of a PASCAL Program 

Page 1 
07/22/82 


Line# 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
31 ' 

32 

33 

34 

35 

36 

37 

38 


00:32:51 

NSC Starplex-II Pascal - version 2.06 -• 7/82 
PROGRAM shellsort (input, output); 

CONST 

maxlength = 1000 ; 

TYPE 

index = 1 . . maxlength ; 

rowtype = ARRAY [index] OF integer; 

VAR 

inrow : rowtype ; 
count : 0 .. maxlength; 
ix : index ; 

PROCEDURE sort (VAR row : rowtype; length : index) ; 

VAR 

jump, m, n : index; , 

temp : integer; 
alldone : boolean; 

BEGIN 

jump := length; 

WHILE jump > 1 DO 
BEGIN 

jump := jump DIV 2; 

REPEAT 

alldone := true ; 

FOR m ;= 1 TO length - jump DO 
BEGIN 

n := m + j ump ; 

IF row[m] > row[n] 

THEN 

BEGIN 

temp := row[m] ; 
row[m] := row[n] ; 
row[n] := temp; 
alldone := false ; 

END; 

END; (* for *) 

UNTIL alldone ; 

END; .(* while *) 

END; (* sort *) 


39 

40 BEGIN (* main program *) 

41 . count := 0 ; 

42 read(inrow[count + 1] ) ; 

43 WHILE NOT eof DO; 

44 BEGIN 

45 count := count + 1 ; 
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Example of a PASCAL Program (Cont’d) 


Page 2 
Q1I22IQ2 
00:33:33 

Line# NSC Starplex-II Pascal - version 2.06 - 7/82 

46 read (inrow[count + 1] ) ; 

47 END; (* while *) 

48 IF count > 0 

■ 49 THEN 

50 BEGIN 

51 sort (inrow, count) ; 

52 FOR ix := 1 TO count DO 

53 write ( inrow[ix] ) 

54 END 

55 ELSE write ('no input') 

56 END. (* shellsort *) 

57 


procedure / function; SORT 


** 0001" DB 01 ; level 

** 0002" CALL RENGQQ 

** 0005" DW 0004, 0014 ; return displacement, frame length 

L18: ' 

** 0009" CALL LSAGQQ 

** OOOC" <B> 0002 

** OOOD" PUSH HL 

** OOOE" LD HL,0100 

** 0011" PUSH HL 

** 0012" LD HL,E803 

** 0015" PUSH HL 

** 0016" CALL RCIEQQ 

** 0019" CALL ASAGQQ 

** OOlC" <B> 0008 

L19: 

14: 

** OOID" CALL LSAGQQ 

** 0020" <B> 0008 

0021" LD DE,FEFF 

** 0024" LD A,H 

** 0025" ADD A, A 

** 0026" JP C,I5 

** 0029" ADD HL,DE 

** 002A" JP NC,I5 

L21; 

** 002D" LD DE,0100 

** 0030" CALL LSAGQQ 

** 0033" <B> 0008 

** 0034" CALL SRDGQQ 

** 0037" PUSH HL 

** 0038" LD HL,0100 

** 003B" PUSH HL 
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Example of a PASCAL Program (Cont’d) 

** 

003C" 

LD 

HL,E803 

* * 

003F" 

PUSH 

HL 

** 

0040" 

CALL 

RCIEQQ 

* * 

0043" 

CALL 

ASAGQQ 

* * 

0046" 

<B> 

0008 

L22: 

18; 




L23: 


0047" 

LD 

■ HL.OlOO 


004A" 

CALL 

ASCGQQ 


004D" 

<B> 

0010 

L24; 

* * 

004Ef' 

CALL 

LSBGQQ 

** 

0051" 

<B> 

0002 

* !|t 

0052" 

CALL 

LSAGQQ 

** 

0055" 

<B> 

0008 

** 

0056" 

CALL 

SVBGQQ 


0059" 

CALL 

ASAGQQ 

** 

005C" 

<B> 

0012 

** 

005D" 

CALL 

LSAGQQ 

* * 

0060" 

<B> 

0012 

** 

0061" 

LD 

DE , FFFF 

** 

0064" 

LD 

A,H 

# * 

0065" 

ADD 

A, A 

* * 

0066" 

JP 

C.IIO 

** 

0069" 

ADD 

HL.DE 

** 

006A" 

JP 

NC.IIO 

** 

0070" 

PUSH 

HL 

** 

0071" 

PUSH 

HL 

** 

0072" 

LD 

HL,E803 

♦ * 

0075" 

PUSH 

HL 

* * 

0076" 

CALL 

RCIEQQ 

* # 

0079" 

CALL 

ASAGQQ 

* * 

007C" 

<B> 

OOOA 

* * 

007D" 

CALL 

LSAGQQ 

** 

0080" 

<B> 

0012 

* * 

0081" 

PUSH 

HL 

* # 

0082" 

LD 

HL.OlOO 

jjc* 

0085" 

PUSH 

HL 

** 

0086" 

LD 

HL,E803 

** 

0089" 

PUSH 

HL 

** 

008A" 

CALL 

RCIEQQ 

111; 

L26; 




jjcMc 

008D" 

CALL 

LSBGQQ 

* * 

0090" 

<B> 

0008 

* * 

0091" 

CALL 

LSAGQQ 


0094" 

<B> 

OOOA 

* * 

0095" 

CALL 

AEBGQQ 

♦ # 

0098" 

PUSH 

HL 

** 

0099" 

LD 

HL.OlOO 

** 

009C" 

PUSH 

HL 

* * 

009D" 

LD 

HL.E803 

* * 

OOAO" 

PUSH 

HL 

** 

OOAl" 

CALL 

RCIEQQ 

Jjc # 

00A4" 

CALL 

ASAGQQ 

** 

00A7" 

<B> 

OOOC 

L27; 

s!e* 

00A8" 

CALL 

LSAGQQ 


OOAB" 

<B> 

OOOC 
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Example of a PASCAL Program (Cont’d) 



** 

OOAC" 

ADD 

HL.HL 


** 

OOAD" 

EX 

DE.HL 


** 

OOAE" 

DEC 

HL.DE 


** 

OOAF" 

DEC 

HL.DE 


* * 

OOBO" 

CALL 

LSAGQQ 


** 

00B3" 

<B> 

0000 


** 

00B4" 

CALL 

OVBGQQ 


Jjc ^)c 

00B7" 

CALL 

LSAGQQ 


* * 

OOBA" 

<B> 

OOOA 


* * 

OOBB" 

ADD 

HL.HL 


** 

OOBC" 

PUSH 

DE 


** 

OOBD" 

EX 

DE.HL 


** 

OOBE" 

DEC 

HL.DE 


** 

OOBF" 

DEC 

HL.DE 


** 

OOCO" 

CALL 

LSAGQQ 


** 

00C3" 

<B> 

0000 


* * 

00C4" 

CALL 

OVAGQQ 


* # 

00C7" 

POP 

DE 


Jjc Jjc 

00C8" 

LD 

A.D 


Jjc Jjc 

00C9" 

XOR 

H 


Jjc Jjc 

OOCA" 

LD 

A.D 


Jjc Jjc 

OOCB" 

JP 

M. 14094 


Jjc Jjc 

OOCE" 

LD 

A.E 


Jjc Jjc 

OOCF" 

SUB 

L 


Jjc Jjc 

OODO" 

LD 

A.D 


Jjc Jjc 

OODl" 

SBC 

A.H 

14094; 





Jjc Jjc 

00D2" 

ADD 

A. A 


Jjc Jjc 

00D3" 

JP 

NC.I12 

L30 






Jjc Jj! 

00D6" 

CALL 

LSAGQQ 


Jjc Jjc 

00D9" 

<B> 

OOOA 


Jjc Jjc 

OODB" 

EX 

DE.HL 


Jjc Jjc 

OODC" 

DEC 

HL.DE 


Jjc * 

OODD" 

DEC 

HL.DE 


Jjc Jjc 

CODE" 

CALL 

LSAGQQ 


Jjc Jjc 

OOEl" 

<B> 

0000 


Jjc Jjc 

00E2" 

CALL 

OVAGQQ 


Jjc Jjc 

00E5" 

CALL 

ASAGQQ 


jjcjj: 

00E8" 

<B> 

OOOE 

L31i 






Jjc Jjc 

00E9" 

CALL 

LSAGQQ 


Jjc Jjc 

OOEC" 

<B> 

OOOC 


Jjc Jjc 

OOED" 

ADD 

HL.HL 


Jjc Jjc 

OOEE" 

EX 

DE.HL 


Jjc Jjc 

OOEF" 

DEC 

HL.DE 


Jjc Jjc 

OOFO" 

DEC 

HL.DE 


Jjc Jjc 

OOFl" . 

CALL 

LSAGQQ 


Jjc Jjc 

00F4" 

<B> 

0000 


Jjc Jjc 

OOFS" 

CALL 

OVBGQQ 


Jjc Jjc 

00F8" 

CALL 

LSAGQQ 


Jjc Jjc 

OOFB" 

<B> 

OOOA 


Jjc Jjc 

OOFC" 

ADD 

. HL.HL 


Jjc Jjc 

OOFD" 

PUSH 

DE 


Jjc Jjc 

OOFE" 

EX 

DE.HL 


Jjc Jjc 

OOFF" 

DEC 

HL.DE 


Jjc Jjc 

0100" 

DEC 

HL.DE 


Jjc Jjc 

0101" 

CALL 

LSAGQQ 


Jjc Jjc 

0104" 

<B> 

0000 


Jjc Jjc 

0105" 

ADD 

HL.DE 
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Example of a PASCAL Program (Cont’d) 




0106" 

POP 

DE 



0107" 

LD 

(HL) ,E 


>!* Jjt 

0108" 

INC 

HL 


Jfcsjc 

0109" 

LD 

(HL) ,D 

L32 


OlOA" 

CALL 

LSAGQQ 


Sftsic 

OlOD" 

<B> 

OOOC 


S}£ >}t 

OlOE" 

ADD 

HL.HL 



OlOF" 

EX 

DE.HL 



0110" 

DEC 

HL.DE 



0111" 

DEC 

HL.DE 



0112" 

CALL 

LSAGQQ 



0115" 

<B> 

0000 



0116" 

ADD 

HL.DE 



0117" 

CALL 

LSBGQQ 



OllA" 

<B> 

OOOE 



OllB" 

LD 

(HL) ,E 



OllC" 

INC 

HL 


❖ 5j! 

OllD" 

LD 

(HL) ,D 

L33; 


OllE" 

LD 

HL.OOOO 


❖ s}c 

0121" 

CALL 

ASGGQQ 



0124" 

<B> 

0010 

L34 





112 





L35 

Hfi * 

0125" 

CALL 

LSBGQQ 


5f!S!c 

0128" 

<B> 

0012 



0129" 

CALL 

LSAGQQ 



012C" 

<B> 

OOOA 



012D" 

INC 

HL 


>!«:«< 

012E" 

CALL 

ASAGQQ 


5|C5}C 

0131" 

<B> 

OOOA 


5}C* 

0132" 

DEC 

HL.HL 



0133" 

LD 

A.L 


** 

0134" 

CP 

E 


3}t:}: 

0135" 

JP 

NZ.Ill 


={e* 

0139" 

CP 

D 


sics}: 

013A" 

JP 

NZ.Ill 

110; 


< 



L36; 

sic sic 

013D" 

CALL 

LSAGQQ 


sic sic 

0140" 

<B> 

0010 


sic sic 

0141" 

LD 

A.L 


sics}: 

0142" 

RRA 



sjcsjc 

0143" 

JP 

NC,I8 

L37; 

s}cs!c 

0146" 

JP 

14 

15; 





L38i 





13; 


0149" 

CALL 

PRAGQQ 


sic sic 

014C" 

DB . 

04 


:{c5ic 

014D" 

DB 

00 
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Example of a PASCAL Program (Cont’d) 

procedure / 

function ; 

SHELLSOR 

J)C * 

014E" 

DB 

00 ;level 

* * 

014F" 

CALL 

RENGQQ 

** 

0152" 

DW 

0000, 0006 ; return displacement, frame length 

** 

0156" 

CALL, 

INIFQQ 

L41: 

s|c * 

0159" 

LD 

HL.OOOO 


015C" 

LD 

(COUNT) ,HL 

L42: 

** 

015F" 

LD 

HL,INPFQQ 

* >> 

0162" 

PUSH 

HL 


0163" 

LD 

HL, (COUNT) 

** 

,0166" 

ADD 

HL,HL 

** 

0167" 

EX 

DE,HL 

* * 

0168" 

LD 

HL , INROW 

* * 

016B" 

ADD 

HL,DE 

* * 

016C" 

PUSH 

HL 

>jc * 

016D" 

LD 

HL,0180 

** 

0170" 

PUSH 

HL 

* !l< 

0171" 

LD 

HL,FF7F 

* * 

0174" 

PUSH 

HL 

** 

0175" 

CALL 

RTIFQQ 

L43; 

114; 


0178" 

LD 

HL.INPFQQ 

sit J}t 

017B" 

PUSH 

HL 


017C" 

CALL 

EOFFQQ 

★ sit 

017F" 

LD 

A,L 

## 

0180" 

RRA 


Sft si! 

0181" 

JP 

C,I15 

*5i: 

115: 

0184" 

JP. 

114 

L45: 

SftSi! 

0187" 

LD 

HL, (COUNT) 

** 

018A" 

CALL 

INDGQQ 


018D" 

DB 

01 

sjtsjc 

018E" 

PUSH 

HL 

sjtslt 

018F" 

LD 

HL,0000 

5}c;ic 

0192" 

PUSH 

HL 

sit* 

0193" 

LD 

HL,E803 

=ic * 

0196" 

PUSH 

HL 

**■ 

0197" 

CALL 

RCIEQQ 

*sic 

019A" 

LD 

(COUNT) ,HL 

L46: 


019D" 

LD 

HL,INPFQQ 

** 

OlAO" 

PUSH 

HL 

** 

OlAl" 

LD 

HL, (COUNT) 

** 

01A4" 

ADD 

HL,HL 

** 

01A5" 

EX 

DE,HL 

*>1= 

OlAO" 

LD 

HL, INROW, 

** 

01A9" 

ADD 

HL,DE 

** 

OlAA" 

PUSH 

HL 

jjt # 

OlAB" 

LD 

HL,0180 

** 

OlAE" 

PUSH 

HL 

* * 

OlAF" 

LD 

HL,FF7F 

** 

01B2" 

PUSH 

HL 

* * 

01B3" 

CALL 

RTIFQQ 
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Example of a PASCAL Program (Cont’d) 

L48: 




)}e * 

01B6" 

LD 

HL, (COUNT) 


01B9" 

LD 

DE , FFFF 

Jjc>}c 

OIBD" 

ADD 

A, A 


OIBE" 

JP 

C.I16 

* # 

OlCl" 

ADD 

HL.DE 


01C2" 

JP 

NC,I16 

L51; 




** 

01C5" 

LD 

HL, INROW 

** 

01C8" 

PUSH 

HL 

** 

01C9" 

LD 

HL, (COUNT) 

** 

OICC" 

PUSH 

HL 

** 

OICD" 

LD 

HL,0100 

** 

OIDO" 

PUSH 

HL 

* * 

OlDl" 

LD 

HL,E803 

* * 

01D4" 

PUSH 

HL 

Jjc 5): 

01D5" 

CALL 

RCIEQQ 


01D8" 

PUSH 

HL 

sic sf: 

01D9" 

CALL 

SORT 

L52; , 




sic sic 

OlDC" 

LD 

HL, (COUNT) 

Sicsic 

OIDF" 

CALL 

ASAGQQ 

sic S|C 

01E2" 

<B> 

0004 

sic* 

01E3" 

CALL 

LSAGQQ 

sic sic 

01E6" 

<B> 

0004 

sic sis 

01E7" 

LD 

DE , FFFF 

sicsic 

OlEA" 

LD 

A,H 

** 

OlEB" 

ADD 

A, A 

sicsic 

OlEC" 

JP 

C,I18 

sic si: 

OlEF" 

ADD 

HL,DE 

St: Sts 

OlFO" 

JP 

NC,I18 

sics* 

01F3" 

LD 

HL, 0100 

sicsic 

01F6" 

PUSH 

HL 

St: stc 

01F7" 

PUSH 

HL 

* St: 

01F8" 

LD 

HL,E803 

sicsic 

OlFB" 

PUSH 

HL 

sicsic 

OlFC" 

CALL 

RCIEQQ 

sic si: 

OlFF" 

LD 

(IX) ,HL 

St: St: 

0202" 

CALL 

LSAGQQ 

si: sic 

0205" 

<B> 

0004 

sicsic 

0206" 

PUSH 

HL 

s|c sic 

0207" 

LD 

HL,0100 

St sic 

020A" 

PUSH 

HL 

St St 

.020B" 

LD 

HL,E803 

St St 

020E" 

PUSH 

HL 

St St 

020F" 

CALL 

RCIEQQ 

119: 




L53: 




St St 

0212" 

LD 

HL,OUTFQQ 

St St 

0215" 

PUSH 

HL 

St St 

0216" 

LD 

HL, (IX) 

St St 

0219" 

ADD 

HL,HL 

St St 

02 lA" 

EX 

DE,HL 

St St 

021B" 

LD 

HL,INROW+FFFE 

St St 

021E" 

CALL 

OVAGQQ 

St St 

0221" 

PUSH 

HL 

St St 

0222" 

LD 

HL,FF7F 

St St 

0225" 

PUSH 

HL 

St St 

0226" 

PUSH 

HL 

St St 

0227" 

CALL 

WTIFQQ 
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Example of a PASCAL 

** 

022A" 

CALL 

** 

022D" 

<B> 

** 

022E" 

LD 

** 

0231" 

INC 

** 

0232" 

LD 

* * 

0235" 

DEC 

* lit 

0236" 

LD 

** 

0237" 

CP 

** 

023B" 

LD 

** 

023C" 

CP 

** 

023D" 

JP 

118; 



♦ ♦ 

0240" 

JP 

116; 



L55; 



** 

0243" 

LD 

** 

0246" 

PUSH 

** 

0247" 

LD 

** 

024A" 

PUSH 

** 

024B" 

LD 

** 

024E" 

PUSH 

* * 

024F" 

LD 

** 

0252" 

PUSH 

** 

0253" 

PUSH 

** 

0254" 

CALL 

120; 



113; 



** 

0257" 

CALL 

* « 

025 A" 

DB 

>!<« 

025B" 

DB 


Program (Cont’d) 

LSBGQQ 

0004 

HL,(IX) 

HL 

(IX) .HL 
HL.HL 
A.L 
£ 

A.H 

D 

NZ,I19 

120 


HL.OUTFQQ 

HL 

HL.OSOO 

HL 

HL,<const> ;offSBt 
HL 

HL,FF7F 

HL 

HL 

WTSFQQ 


PRAGQQ 

00 

00 


Rom size : 614 decimal 
Ram size : 2006 decimal 
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Prerequisites 

Any STARPLEX II Development System with Rev F 

operating system or later. 

Order Information 

SFW-90-A300 PASCAL compiler to generate 
8080/8085 linkable object code 
module(s) on STARPLEX II 
Development Systems. 

SFW-90-A320 PASCAL compiler to generate 

NSC800/280 linkable object code 
module(s) on STARPLEX II 
Development Systems. 


Documentation 

420306680-001 STARPLEX II PASCAL Compiler 
Software Reference Manual . 
(Included with SFW-90-A300 and 
SFW-90-A320) 
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^ National Semiconductor 


PLM80 

PL/M High Level Language Compiler 
for STARPLEX™ Development Systems 



■ Executes on all STARPLEX/ 

STARPLEX II™ Development Systems 

B Code generation for 8080/8085 and 
NSC800™/Z80 microprocessors 

B Relocatable and linkable object code 
output 


B Reentrant procedures as specified 
by user 

Ea Compatible with existing industry 
standard PL/M-80 

B Hardware access via highlevel 

statements (interrupt systems, absolute 
addresses, and input/output ports) 


Product Description 

PLM80 is a high ievel ianguage compiier designed 
for STARPLEX and STARPLEX ii Development Sys- 
tems. Available in two versions, this highly efficient 
compiler generates relocatable object code for 8080/ 
8085 and NSC800/Z80 microprocessors. 

PL/M has proven to be one of the most popular, 
effective and powerful program development tools 
available. Programmer productivity and reliability 
are greatly improved because the programmer can 
concentrate on system development rather than all 
thedetailsof assembly languages. Since PL/M uses 
data structures that are very close to typical 
microprocessor architectures, it allows for efficient 
use of the machine. PL/M programs are efficiently 
converted to assembly language instructions, thus 
requiring fewer statements. Software development 
and maintenance costs are significantly reduced. 

Free form PL/M source programs are efficiently and 
effectively converted into 8080/8085 or NSC800/Z80 
assembly language instructions. A given program, 
when written in PL/M, requires fewer statements 


than would the equivalent program written in 
assembly language. Thus, software development 
and maintenance costs are significantly reduced 
due to the problem oriented structure that results 
naturally from the use of PL/M. User programming 
conventions and structured programming tech- 
niques are easily accommodated by the free form 
source statements of PL/M. 

Functional Description 

The PLM80 Compiler is a STARPLEX System pro- 
gram which accepts STARPLEX PLM80 language 
source modules and produced linkable object 
modules. Object modules may be linked to form exe- 
cutable PLM80 programs. The PLM80 compiler is 
also designed to accept programs written in the 
industry standard PL/M programming language. 

The STARPLEX PLM80 compiler invocation is 
similar to that of other STARPLEX software. The 
8080 version of the compiler in particular has all the 
features of the existing industry standard PL/M-80 
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compiler. In many cases, no changes to existing 
PL/M-80 programs are required. However, STAR- 
PLEX PLM80 has a number of superior enhance- 
ments which may be incorporated into existing 
PL/M-80 programs to make it faster, smaller, and 
easier to debug. What modification is required can 
be done very easily. 

Compilation is one step in the formation of an 
executable PLM80 program. The formation of a com- 
plete program involves the following steps: 


creates a 100-byte array b, based on a scalar pointer 
P. PLM80 will provide a number of superior alterna- 
tive forms, e.g., 

DECLARE B(100) BYTE BASED P; 

DECLARE B BASED P ARRAY(IOO) BYTE: 

The second of these forms permits the industry stand- 
ard form to be modified easily, the only difference is 
the addition of the keyword “ARRAY”. It also accepts 
the standard form without the usage of “ARRAY”. 


• Writing the PLM80 “Source Modules” using the 
- TEXT EDITOR. 

• Compiling the source files to produce “Object 
Modules.” 

• Linking the object modules to create an 
executable PLM80 “Load Module.” 

When the source module(s) have been created using 
the TEXT EDITOR for compilation, choose the 
correct PLM80 diskette for the type of compilation 
desired. The 8080 version may be used for programs 
to be executed on 8080 and 8085 based systems. 
The NSC800 version may be used for NSC800 or 
Z80 based systems. 

Enhancements 

Lexical Extensions 

PLM80 will allow the underscore character in 
identifiers and in numeric constants, to aid legibil- 
ity. For example, NAME_TABLE or 1100_0111B. 
Unlike the industry standard PL/M “$”, which 
PLM80 also will accept, the underscore is a signifi- 
cant character in identifiers; thus, A ^TO M is a 

distinct identifier from AT_OM and from ATOM. 

PLM80 will accept the ASCII form-feed character as 
lexically equivalent to a blank; the form-feed, like 
the EJECT compiler control, will cause a page eject 
in the listing file. 

Explicit Locator References 

In the industry standard PL/M, each based variable 
is associated with a unique pointer. The pointer is 
specified in the based declaration, and does not 
appear explicitly in references to the based variable. 

Declare Statement Syntax 

The industry standard PL/M requires attributes to 
appear in a specified order within a declaration. 
This restriction has been relaxed in PLM80. 


Empty Blocks and Procedures 

PLM80 will accept a block or procedure that con- 
tains no executable statements. This is not per- 
mitted by the industry standard. 

Do-Case Extensions 

PLM80 will accept case-selectors in the range of a 
do-case statement, thus permitting the programmer 
to create sparsely populated case constructs 
without sacrificing efficiency. Multiple specifiers will 
be permitted on a single statement, so the 
programmer need not write duplicate code. 

PLM80 will accept an otherwise-clause in the range 
of a do-case statement. This makes it unnecessary to 
write out the action for every case if most of them are 
identical. 

PLM80 will do range checking in the case construct. 
Unspecified or out-of-range cases will cause a jump 
to the statement following the do-case-block. 


Example: The following code executes special statements 
if I is 6, 28, 496 or 8128. If I has any other value, the 
statement in the otherwise-clause is executed. 


DO CASE 1; 

6 : 

28: DO; /* This entire do-block is */ 

/* executed if 1 = 6 or28. */ 

END; 


8128; . . . 

496; . . . 
OTHERWISE... 


/* This statement is executed *1 
r if I = 8128. */ 

r This statement is executed */ 
r if I = 496. */ 

/* This statement is executed */ 
r if I has any other value. *1 


END; 


Iterative DO 


Declaration of Arrays 

The keyword ARRAY has been added for optional 
use in dimension-specifications. 

The i ndustry standard syntax for based array declara- 
tions is misleading because the dimension-specifier 
appears to be “attached” to the wrong variable; 

DECLARE B BASED P(100) BYTE; 


In the industry standard, the expressions in “TO” and 
“BY” options in an iterative do-statement are eval- 
uated each time the loop is executed. Worse, the 
time of evaluation depends upon the datatype of the 
index variable. PLM80 adopts the convention that 
these expressions are evaluated once, prior to entry 
to the loop. The values calculated at that time will be 
preserved and reused. This makes for faster running 
time. 
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User Interface 

Listings 

The PLM80 compiler can provide, upon request, 
source and object listings. Diagnostics will be pro- 
vided, regardless of list options. 

Source listings will include statement numbers, 
block nesting depth, diagnostics, a list of the 
options present for the compilation, and statistics 
(e.g., resources used) for the compilation. 

Object listings will show object code (pseudo- 
assembly language and actual machine code) and 
approximate statement numbers. 

Compile-Time Diagnostics 

For syntax errors, the diagnostic message will ap- 
pear in the source listing immediately after the point 
at which the error was recognized. For example: 

LINE STMT LEVEl + ....1.... + ....2.... + .,..3..., + ....4.,.. + ....5....+ 

13 9 3 z = x+*x; 

*"• ERROR 21 **** Stmt9 — near'*’ — Syntaxerror;skippinglnputto“;” 

At the end of the source listing for a module, the compiler will list all 
other diagnostic messages for that module, sorted by statement 


number. Each message will clear and concise, and will describe the 
error In det,ail. For example; 

**** ERROR 48 ***'Stmt 8 — Missing data type attribute 
**** ERROR 43 ****Stmt11 — Undeclared identifier 
***' ERROR 54 ****Stmt13 — Reference to member of undeclared 
structure 

Code Generation and Optimization 

The PLM80 compiler handles; local optimizations, 
basic block optimization, efficient register allo- 
cation, speciai casing for common constructs, 
some strength reduction, removal of dead code and 
of branch-around-branch. This, in effect, produces 
smaller, faster and more efficient object code than 
the industry standard PL/M compiler. 

RUn-Time Support 

The run-time support package contains those built- 
in procedures that are not compiled as in-line code, 
procedures for the arithmetic operations not per- 
formed in-line, and stack management. 


Example PLM80 Program 

STARPLEX PUM-80 Rev A-810428 MODULE;SEARCH_MODULE 


OPTIONS: FDSliEXPROG LISTCCfDE 


LINE 

STMT 

LEVEL 

.... + .... 1 ... . + . . . . 2. . . . + . . . . 3. . . . + . . . . 4. . . . 4* . . . . 5. . . . + . . . . 6. . . . + . . . . 7. . , . + . . . . 8. . . . + 

1 

1 

0 

SEARCH_MODULE: 

2 



DO;/* This module contains a typed procedure named SEARCH. SEARCH * 

3 



* searches the based array BUFFER for the first occurrence of the strind * 

4 



* contained in the based array WORD. If the strind is found, SEARCH * 

5 



* returns the subscript value of the element of BUFFER containing the * 

6 



* first character. Otherwise, SEARCH returns a value greater than the * 

7 



* length of the buffer. */ 

9 

2 

2 

SEARCH; PROCEDURE (BUF_PTR,LENGTH,WORD_,PTR,WORD_LENGTH) ADDRESS PUBLIC; 

10 

3 

2 

DECLARE (BUF_PTR,LENGTH,WORD_PTR,WORD_LENGTH) ADDRESS, 

11 



BUFFER BASED BUF_PTR ARRAY(I) BYTE, 

12 



WORD BASED WORD_PTR ARRAY{1) BYTE, 

13 



FIRST_CHAR ADDRESS, 

14 



(1, K) ADDRESS, 

15 



FOUND BYTE, 

16 



TRUE LITERALLY ‘OFFH’, 

17 



FALSE LITERALLY ‘OOH’; / 

20 

4 

2 

/ 

SET_FIRST__CHAR: 

21 



DO FIRST_CHAR = 0TO LENGTH -1; 

22 

5 

3 

l = FIRST_CHAR; 

23 

6 

3 

, K = 0; 

24 

7 

3 

FOUND = TRUE; 

26 

8 

3 

COMPARE: 

27 



DO WHILE (FOUND = TRUE) AND (K<WORD_LENGTH); 

28 

9 

5 

IF BUFFER (l) = WORD(K)THEN DO; 

29 

11 

5 

1 = 1 + 1; 

30 

12 

5 

K = K + 1; 

31 

13 

4 

END; 

32 

14 

4 

ELSE FOUND = FALSE; 

33 

15 

3 

END COMPARE; 

34 

16 . 

3 

IF FOUND = TRUE THEN RETURN FIRST_CHAR; 

35 

18 

2 

END SET_FIRST_CHAR; 

37 

19 

2 

RETURN LENGTH + 1; 

39 

20 

1 

END SEARCH; 

40 

21 

0 

END SEARCH_MODULE 
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00A2' 


:»» STATEMENT 2 

0021' 

008E' 

DW 

$00003 

OOA2' 

EB 

XCHG 






00A3' 

22 0006" 

SHLD 

WORD_LENGTH 



CSEG 


OOA6' 

69 

MOV 

L,C 



ORG 

$00003 

00A7' 

60 

MOV 

H,B 

008E' 

2A OOOF" 

LHLD 

$00005 

OOA8' 

22 0004" 

SHLD 

WORD_PTR 

0091' 

EB 

XCHG 


OOAB' 

D1 

POP 

D 

0092' 

2A 0008" 

LHLD 

$00002 

OOAC' 

El 

POP 

H 

0095' 

7B 

MOV 

A,E 

OOAD' 

22 0002" 

SHLD 

LENGTH 

0096' 

95 

SUB 

L 

OOBO' 

El 

POP 

H 

0097' 

7A 

MOV 

A,D 

GOBI' 

D5 

PUSH 

D 

0098' 

9C 

SBB 

H 

00B2' 

22 0000" 

SHLD 

, BUF_PTR 

0099' 

D2 0023' 

JNC 

$00004 

. 



■ . 

0090' 


:»» STATEMENT 19 

• ■ 

• 

• 


0090' 

2A 0002" 

LHLD 

LENGTH 

0087' 


;»» STATEMENT 18 

009F' 

23 

INX 

H 





OOAO' 

C9 

RET 


0087' 



$00012; 

00A1' 


;»» STATEMENT 20 



CSEG 


00A1' 

C9 

RET 


0081' 

0087' 

ORG 

DW 

0081 

$00012 

00A2' 

00A2' 

FB 

;»» STATEMENT 21 

El 



CSEG 


00A3' 

76 

HLT 




ORG 

$00012 

MODULE STATISTICS; 



0087' 

2A 0008" 

LHLD 

$00002 


' 



008 A' 

23 

INX 

H 


21 STATEMENTS PROCESSED 


008B' 

22 0008" 

SHLD 

$00002 


0 DIAGNOSTICfS) ISSUED 


008E' 



$00003; 

CODE SEGMENT SIZE 


181D(00B5H) 


DATA SEGMENT SIZE 19D(0013H) 

CSEG 

ORG 0021 


Prerequisites 

Any STARPLEX /STARPLEX II Development System. 

Order information 

SFW-A50 PLM80, P,L/M Compiler to generate 

8080/8085 object program on STARPLEX 
Development System. 

SFW-A60 PLM80, PL/M Compiler to generate 
NSC800/Z80 object program on 
STARPLEX Development System. 

SFW-90-A50 PLM80, PL/M Compiler to generate 8080/ 
8085 object program on STARPLEX II 
Development System. 


SFW-90-A60 PLM80, PL/M Compiler to generate 
NSC800/Z80 object program on 
STARPLEX II Development System. 

Documentation 

420306371-001 STARPLEX PLM80 Compiler Software 
Reference Manual (Included with SFW- 
A50, SFW-A60, SFW-90-A50, SFW-90-A60) 
420305789-001 8080/8085 Macroassembler Software 
' User’s Manual 

420306198-001 NSC800 Macroassembler Software 
User’s Manual 


13-36 




^ National Semiconductor 

STARPLEX ir 
Development System 



■ A Complete Development System 

• Dual CPU microprocessor-based system 

in master/slave configuration 

- 1 28K bytes of Random Access Memory 

- Dual floppy disk drives 

- Video monitor and keyboard controller 

- Two RS232C interfaces 

- Integral CRT keyboard with eight upper/ 
lower case for a total of sixteen user 
definable keys 

- PROM programmer interface 

• Software 

- Disk Operating System 

- Resident Debugger 

- Text Editor 

- Macro Assembler 

- On-board ROM and RAM diagnostics 

- I/O Spooling 

- FORTRAN 

- BASIC 

• Options 

- In-System Emulator (ISE™ packages for 
NSC800TM, INS8048 family, 8085 and Z80 
microprocessor devices 

. - In-System Emulator package for 
COP400 microcontroller devices 

- PUM for 8080/8085, PUM for 
NSC800/Z80 

- PASCAL compiler for 8080/8085, 
PASCAL compiler for NSC800/Z80 


- Optional double-sided/double-density 
disk drives with 2 megabytes of memory 
expandable to 4 megabytes 

- Cross assemblers (Included with the 
emulator packages) 

- STARLINK — Interface to Intellec 
Development System 

- PAL /PROM programmer personality 
modules 

B Field-Upgradable from STARPLEX^” 

80/41, 80/51 or 80/61 Systems 

• Upgrade kit includes: 

- Z80A Master CPU Board 

- Z80A Slave CPU Board with 64K bytes 
of RAM 

- Internal RS232C cable and connector 

- Keyboard with user-definable keys 

- Disk-Based Operating System for 
STARPLEX II 

B Easy to Use 

• Prompting menus guide operator entries 

- English language explanation of 
user errors 

- Direct system function keys to 
PAUSE/CONTINUE/ABORT/DEBUG 

- HELP key for online user assistance 

- Single stroke CRT edit keys 
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Product Overview 

The STARPLEX II Development System is a general- 
purpose microcomputer and microprocessor develop- 
ment system. New levels of operating simplicity have 
been designed into the STARPLEX II system to signifi- 
cantly reduce the amount of time spent on product devel- 
opment. By getting the user into actual application work 
sooner and with fewer mistakes, the STARPLEX II system 
allows the user to take full advantage of time spent at the 
console. 

A Complete System 

The STARPLEX II design combines all the components 
required for the entire development task in one complete 
system. The STARPLEX II package includes a Z80A- 
based system controller board, a Z80A-based user 
processor/memory board with 64K bytes of RAM, 64K 
bytes of system RAM, 1M byte of disk storage controlled 
by a floppy disk controller, a video monitor and keyboard. 
The standard STARPLEX II software package includes a 
disk operating system, Z80 assembler, debugger, editor, 
linker, loader, FORTRAN, BASIC, on-board ROM diag- 
nostics and utilities. Options available are: in-system 
emulation packages for real-time debugging of custom- 
ized hardware and software prototype systems, PAL/ 
PROM programmer personality modules for verifying, 
copying and programming PROMs or PALs, STARLINK 
for transferring files between STARPLEX II and Intellec 
Development System, and cross assemblers. 

Easy to Use 

The STARPLEX Systems reduce the time a user must 
spend at a terminal by making many complex functions 
accessible through single easy keystrokes. System com- 
mands are initiated by clearly marked function keys which 
invoke prompting menus to guide the user through each 
task. These function keys eliminate the need to memorize 
system commands and various command options. As a 
result, there is no need to refer to lengthy documentation, 
and errors or delays caused by incorrectly entered com- 
mands are eliminated. With the user-definable keys on 
the STARPLEX 1 1 System keyboard, the amount of time a 
user must spend at a terminal is further reduced. Eight 
function keys are provided with upper and lower case 
capability for a total of sixteen different keys which are 
user-definable. These keys may be utilized both in com- 
mand mode (system) and by an application program run- 
ning on the system. Thus, while system commands are 
initiated by clearly marked function keys, which invoke 
prompting menus to guide the user through each task, 
many non-system complex functions become accessible 
through these user-definable keys. 

Recognizing that a great deal of the user’s time is spent 
on creating and changing source code, the designers of 
the STARPLEX II system have devoted special attention 
to the text editing facility. 


A set of special function keys direct the STARPLEX II 
Editor, allowing corrections to be made with single key- 
strokes. Also, the powerful “string mode” commands 
allow search and replacement of character strings as well 
as block moves. An entire file may be quickly and easily 
reviewed or altered. The number of mistakes is reduced 
because the data and changes are immediately displayed. 
Backup files are automatically created, protecting the 
user from accidental loss of data. Because the STAR- 
PLEX II system is easy to use, learning time is consider- 
ably shortened. A first-time user can be productive within 
a half hour. Also, as users make more efficient use of the 
system, machine availability is maximized. 

Spooled Printer Capability 

STARPLEX II supports spooled I/O to a user-selected 
print or another input or output device. Thus, printing long 
listings of files, compiler output and similar tasks may 
now be done at the same time as text editing, compiling, 
emulation, debugging, etc. The net result is a greater 
utilization of designer resources and subsequent reduc- 
tion in program development time. 

Resident System Debugger 

The system debug utility is resident and always available 
to the user. This program does not occupy any user space 
in memory and can be invoked by a single keystroke. 
Unlike many other debug utilities, the STARPLEX II 
debugger does not have to be specified prior to program 
execution and may be invoked at any time. 

Full Product Line Support 

The STARPLEX II system supports development for the 
NSC800, NSC16000, INS8048 family (8048, 8049, 8050), 
Z80A, Z80B, 8085 microprocessors and COP400 micro- 
controller devices. 

Functional Description 

Hardware Modules 

STARPLEX II components are packaged into modules 
which form a unified system when placed together. The 
modules are durable, with housings constructed of Vs-inch 
aluminum and front panels of molded lexan foam. 

STARPLEX II is designed for easy maintenance. Snap- 
down doors on the base module make it easy to access 
the card cages and circuit boards. Interconnecting cables 
between all modules and boards are routed to the rear of 
the system and covered by easily removable cable chan- 
nels. Thus, cables are out of sight and protected from 
accidental damage. All cables, including the single AC 
power distribution system, are plug-detachable at both 
ends, making it easy to disconnect modules and recon- 
figure the system as the user chooses. 
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STARPLEX II Electronics 

Five printed circuit boards make up the STARPLEX II 
electronics: the main Z80A-based CPU board, a Z80A- 
based user processor board which also has 64K bytes of 
memory, an 8080A-based video monitor/keyboard con- 
troller board, an 8080A-based floppydiskcontroller board 
and an additional 64K byte memory board. 

The Z80A-based CPU board and user slave processor 
board are designed in a master/slave configuration to 
give the user processing power and speed that were 
unobtainable with previous development systems. The 
main CPU board with the floppy disk controller board and 
the video/keyboard controller board all have multi-master 
bus logic allowing them to share the system bus. The 
floppy disk controller board and the video/keyboard con- 
troller board communicate with the main CPU board and 
user processor board using Direct Memory Access and 
programmed I/O. 

The optional printers and PAL /PROM programmer per- 
sonality modules communicate with the main CPU/user 
processor boards through two programmable parallel I/O 
ports. A pair of RS232C ports on the main CPU.board are 
available and permit both asynchronous and synchro- 
nous communications for use with options such as 
STARLINK. 

Individual circuit boards are built to National’s high manu- 
facturing quality standards, utilizing techniques such as 
computer-aided layout and auto insertion. All boards are 
tested dynamically under system load conditions at ele- 
vated temperatures as part of a thorough factory burn-in. 

Software 

User programs are separated from those of the STAR- 
PLEX II operating system. This means that users have 
much more memory space available, and since the oper- 
ating system resides in its own environment, accidental 
interface between user programs and the operating sys- 
tem is virtually eliminated. 

The STARPLEX II software is completely thought out 
from a functional standpoint, carefully engineered to be 
easy to understand and use, and thoroughly integrated 
into the total system. Every aspect is designed to assist 
the user in rapidly developing microprocessor-based 
systems from the ground up. 

The elegance of STARPLEX II software lies in its ability to 
make the complicated process of program development 
appear simple to the user. 

OPERATING SYSTEM 

The operating system provides system housekeeping 
functions and coordinates access to system resources. It 
includes a nucleus file manager, an I/O control system 
and a loader. 

The nucleus of the STARPLEX II operating system con- 
trols and allocates system resources for the higher-level 
processes. The nucleus: 

. Provides synchronization and communication facilities 
for higher-level asychronous processes. 


. Services all hardware interrupts. 

. Provides interval timer functions. 

. Is completely device-independent. 

File Manager 

The file manager organizes, stores and retrieves data 
and programs stored on the diskettes. 

• Maintains a directory. 

. Allows multiple file attributes. 

• Supports random access. 

I/O Control System 

The I/O control system is designed to eliminate the need 
for the user to understand the physical I/O characteristic 
of each individual cfevice and presents a simplified, logical 
device-independent architecture. 

. Provides overlapped I/O commands. 

• Allows files to be accessed by name. 

• Handles error conditions. 

. Supports spooled I/O to a user-selected print or another 
input or output device. 

Loader 

The loader brings programs into main memory at speci- 
fied locations. 

. Provides "load and go” mode. 

. Allows controlled load mode — starting address re- 
turned to calling program, useful tor implementing over- 
lay structures. 

DEVELOPMENT SERVICES 

The “development services" include a linker, a CRT- 
oriented editor, utilities, a resident debugger, optional 
PAL/PROM programmer support macro assemblers, 
BASIC and FORTRAN IV, optional PL/M for'NSCBOO/ 
Z80 or 8080/8085, and optional PASCAL for NSC800/ 
Z80or 8080/8085. 

Linker 

The linker combines relocatable object modules created 
by the assemblers or compilers into an executable run 
time module. 

• Assigns absolute addresses to load modules. 

. Produces a memory map of linked components. 

• Searches system and user libraries for unresolved 
external references. 

Editor 

The STARPLEX II editor is an easy-to-use CRT-oriented 
text editor. 

. String search and replace. 

• Forward and backward paging. 

• Block moves. 

. Automatic source file backup. 

• Traps illegal commands. • 

Utilities 

General utilities provide routine maintenance functions. 

. Transfer data files between devices. 

• Obtain diskette directory listings. 

. Format diskettes. 
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. Modify file attributes. 

. Rename files. 

. Print screen. 

Debugger 

The system debug utility is resident and always available 
to the user. The debugger does not occupy any user 
space in memory and may be invoked by a single key- 
stroke. The program debugger simplifies program check- 
out by allowing program execution to be monitored and 
altered. 

• Allows single step control. 

. Permits eight breakpoint assignments. 

. Displays program counter and registers at breakpoints. 
. Memory references are absolute or relative to one of 
the relocation registers. 

PAL/ PROM Programmer Support 

The PAL/PROM programmer support software manages 
the optional PAL/PROM personality module functions. 

• Allows PROM code to be listed, verified and copied. 

. Data stored in a PROM can be transferred to or from 
another PROM, a diskette file, memory, the video moni- 
tor or keyboard. 

• Allows for custom programming of programmable array 
logic devices (PAL). 

Macro Assembler 

Individual macro assemblers can assemble 8085, 8048, 
NSC800, or 280 mnemonic code and allow operator 
definition of useful higher-level instructions called 
“Macros” which are then expanded into a sequence of 
machine-level instructions. (Macro assembler for 
NSC800/Z80 is included with the STARPLEX II system. 
All other cross assemblers are optional.) 

• Generates absolute or relocatable object modules. 

. Conditional assembly parameters. 

. Allows external references. 

FORTRAN IV 

The FORTRAN IV compiler on the STARPLEX II system 
meets the ANSI X3. 9-1 966 standard and includes the 
following enhancements: 

• PEEK and POKE — allow direct access to memory. 

. Supports user-written I/O drivers. 

• Random access disk I/O. 

. Allows assembly language subroutine calls. 

BASIC 

The STARPLEX II BASIC compiler/interpreter conforms 
to the Dartmouth-defined BASIC with extensions: 

• PEEK and POKE — allow direct access to memory. 

• Complete string operators. 

. Multi-dimensional arrays. 

• Extensive debugging and programming aids — trace, 
edit, direct mode, renumber. 

PL/M for 8080/8085 and NSC800/Z80 (Optional) 

PL/M is compatible with the industry standard PL/M, but 
offers many enhancements to improve program execu- 
tion time and memory utilization. 

. Available for 8080/8085' object code or NSC800/Z80 
object code. 


. Hardware access via high-level statements. 

• Block structure facilitates structured programming 
techniques. 

. Relocatable and linkable output object code. 

I PASCAL for 8080/8085 and NSC800/Z80 (Optional) 

Specifications 

Processor Subsystem: Z80A-based CPU board 

Z80A-based user processor/ 
memory with 64K bytes RAM 
Video monitor/keyboard 
controller 

Double-density floppy disk 
controller 

Memory board with 64K bytes 
R AM ( 1 28K bytes total RAM) 

Floppy Disk Subsystem: 

Configuration Dual disk drives 

Format IBM-compatible, soft-sectored 

Capacity Double-density, single-sided 

512K bytes/drives 

Maximum Capacity Expanded to 4 double-density, 

double-sided drives with 4 
megabyte storage capacity 

Keyboard Subsystem: 

System Function 8 single-stroke system 

control keys 

ASCII 58 alphanumeric keys 

Programmable 8 user-definable keys with 

upper/lowercase 

CRT Subsystem: 

Matrix 7x9 dot 

Display Array 80 columns by 25 lines 

Phosphor P2 green 

Other Screen tilted 10° for comfort- 
able viewing ' 

Printers: 

Type Impact 

Speed 120 characters per second 

Width , 132 columns 

Character Type 7x9 dot matrix 

Power: 115 VAC, 60Hz, lOamps(max) 

or 

230 VAC, 50 Hz, 5 amps (max) 
Base Module 644 Watts 

Floppy Disk Module 966 Watts 
■ Impact Printers 360 Watts 

Video Monitor 34 Watts 


Physical: 



Base 

Module 

Floppy 

Disk 

Module 

Impact 

Printer 

Video 

Monitor 

Height 

5.75 in. 
14.6 cm 

11.5 in. 
29.2 cm 

8 in. 
20.3 cm 

11.5 in. 

2.92 cm 

Width 

26 in. 

66 cm 

13 in. 

33 cm 

24.5 in. 

62.2 cm 

13 in. 

33 cm 

Depth 

26 in. 

66 cm 

19 in. 
48.3 cm 

18 in. 

45.7 cm 

1 9 in. 
48.3 cm 

Weight 

68 lb. 
30.8 kg 

501b. 
22,7 kg 

601b. 

27 kg 

29 lb. 
13.2 kg 
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In-System Emulator 
Module 




In-System Emulator System Configuration 
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Application Multiprocessor System Configuration 
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8048 Family Emulator Package 






Integral In-System Emulator 
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Tft STATUS 


Integral ISE Components Installation 


iSf TWO POST RAM BOARD - 
MCMORT BUS CABLE ASSEMBLY . 

dual p2 connector 

ISE CABLE BOARD ASSEMBLY 


OEVELO*pTii?€NT ^ 
COMPONENTS j 



. ;x 




S.” 







MEMORY 

CARD 


Integral ISE System Configuration 
(Total: 3 Boards and 2 Pods) 

( STARPLEX 0 

0 BUS 1 



STARPLEX 

CARDCAGE 


TARGET 

CARD 




USER STATUS 
POD 


USER PROTOTYPE 
SYSTEM 




8085 Emulator Package 




-r"'-v.rv. 


Ti - . 




J r 


r- 
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Impact Printer 



STARPLEX II Development System 



System Reset Boot Load Button 

Powerful resident bootstrap has built-in 
micro-diagnostics to check all system 
facilities on initialization, then 
■automatically switch out of user 
memory space 


PROM Programmer (Optional) 

Plug in'PROM personality modules — 
standard PRO-LOG compatible 
Programs bipolar PROMs, 

2708. 2716 EPROMs, PALs 


System Function Keypad 

9 system control keys 
Control program execution 


ASCII Keypad 

58 alphanumeric keys 


Video Monitor Subsystem 

Large screen — measures 12" diagonally 

Legible characters — 7 x 9 dot matrix 

24 lines X 80 characters 

Soft green phosphor 

Variable screen intensity 

10° tilted screen for comfortable viewing 

Extensive screen control: scrolling, 

blink, blank, inverse video or 

alternate characters 


User Definable Function Keys 

Eight function keys are provided 
with upper and lower case 
capability for a total of sixteen 
different keys which are user 
definable 


Processors Subsystem 

Z80-based CPU 
Z80-based user processor/memory 
with 64K byte RAM 
Floppy disk controller/formatter 
64 K byte RAM 
Dual 4-slot chassis provides 
three expansion slots 


Disk Subsystem 

Dual standard floppy drives give 
512K bytes per drive capacity 
Uses IBM soft-sectored format 
Expanadable to four drives 
(two million bytes) 


Editor Keypad 

5 cursor keys 
13 special edit keys 
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STARPLEX II Multiprocessor System 


PAL/PROM PROGRAMMER 



EE 
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STARPLEX II Keyboard 



User Defined Keypad 

Lower/uppercase 


5 cursor keys 
13 special edit keys 


System Function Keypad 

9 system control keys 
Control program execution 


58 alphanumeric keys 
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standard Configuration 


IN THE STANDARD CONFIGURATION. STARPLEX II 
provides a fully functioning turnkey system including the 
following features; 

. CPU Master 
. CPU Slave 

. Bootstrap and diagnostic utility 
. Two RS232C serial I/O ports 
. Real time clock/calendar 
. 128K bytes of mappable RAM 
. Keyboard base 

. Video monitor with 7 x 9 dot matrix and 1920 character 
display 

. Dual floppy disk subsystem with double-density (1 mb) 
or double-sided double-density (2 mb) disk drives 

. Debugger for diagnosing program execution 
. Additional utilities for system maintenance 
. Expansion slots for Integral ISE^^ capability 
. BASIC interpreter 
. FORTRAN compiler 

. Modular construction for versatility in operation 

. Expansion capabilities to meet your growing 
requirements 

. Complete operating system including an input/output 
system with an independent interface to user tasks 

. File manager for comprehensive data storage and 
retrieval file creation, protection, deletion and attribute 
assignment with use of unique keyboard utility keys 

. Screen oriented text editor for creating and editing 
source statements 

. Macro assembler for assembling Z80 mnemonics and 
user-defined macros 

. Linker for linking independent program modules into 
executable files 

• PROM programming capability including interface , 
board and universal software with PAL support 


Order Information 


SPX-90/51 

STARPLEX II Developm^ 
System with 1 Megabyte*isk 
Storage (single-sided, double- 
density drives) (60 Hz) 

SPX-90/61 

STARPLEX II Development 
System with 2 Megabyte Disk 
Storage (double-sided, double- 
density drives) (60 Hz) 

Options 


SPM-90-A06-1 

STARPLEX II Dual Single 

Sided, Disk Expansion 

SPM-90-A06-2 

STARPLEX II Dual Double 

Sided, Disk Expansion 

SPM-90-A08 

In-System Emulator Module 

SPM-90-A09-2 

8048 Emulator Package 
(includes upgrade kits that 
convert ISE 8048 to emulate 

8049 and 8050) 

SPM-90-A13 

Integral In-System 

Emulator Package 

SPM-90-A13-3 

8085 Emulator Package 

SPM-90-A13-4 

NSC800 Emulator Package 

SPM-90-A13-7 

Z80 (4 MHz) Emulator Package 

SPM-90-A15 

COPS^^ Emulator Package. 

SPM-90-A20 

Z80 (6 MHz) 

Complete ISE Package 

SPM-90-A55 

Impact Printer 

SFW-90-A50 

PL/M Corhpilertor 

8080/8085 

SFW-90-A60 

PL/M Compiler for 

NSC800/Z80 

SFW-90-A200 

CP/M Operating System 
Softvirare Package 

SFW-90-A300 

PASCAL Compiler for 
8080/8085 

SFW-90-A320 

PASCAL Compiler for 
NSC800/Z80 


Note: To order 50 Hz add the’letter to the order. 
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Documentation 

STARPLEX II Development System 

420306465-001 STARPLEX II System Hard- 

ware Reference Manual 

420306383-001 STARPLEX II System Soft- 

ware Reference Manual 

420305788-001 STARPLEX II Macro Assem- 

bler Software User’s Manual 

420305790-001 STARPLEX II FORTRANCom- 

piler Software User’s Manual 

420305791-001 STARPLEX II BASIC Inter- 

preter Software User's Manual 

420305804-001 BLC-8222 Double-Density 

Floppy Disk Controller Hard- 
ware Reference Manual 

420305587-001 BLC-8228/8229 Video 

Monitor/Keyboard Controller 
Hardware Reference Manual 

420305529-001 BLC-032/048/064 

32/48/64K RAM Board Hard- 
ware Reference Manual 

420306183-001 Universal PAL/PROM 

Programmer User’s Manual 


STARPLEX II Development System Options 

420305869-001 SPM-90-A08 In-System 

Emulator Reference Manual 

420306065-001 SPM-90-A09-2 8048 ISE 

Target Board User’s Manual 

420306240-001 SPM-90-A13-3 8085 Integral 

ISE-User’s Manual 

420306241-001 SPM-90-A13-4 NSC800 

Integral ISE User’s Manual 

420306692-001 SPM-90-A13-7, Z80 

Integral ISE User's Manual 

420306254-001 SPM-90-A15 COPS ISE 

User’s Manual 


STARPLEX II Development System Software 

420306371-001 SFW-90-A50, SFW-90-A60 

PLM80 Software Reference 
Manual 

420306680-001 SFW-90-A300, SFW-90-A320 

Pascal Compiler Reference 
Manual 
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Section 14 

CMOS Industrial 
Microcomputer Boards 



Introduction 

Developing a board-level solution for applications in harsh 
industrial environments presents a number of challenges 
for systems designers. In such applications— which in- 
ciude pipeline monitoring and control, mining equipment 
monitoring and controi, food processing, industrial motor 
control, robotics and process control— a uniform need ex- 
ists for easiiy altered or expanded systems that are also 
impervious to wide temperature fiuctuations, eiectrical 
noise, vibration, corrosion, washdowns, power failures, 
and so on. 

POWER DISSIPATION 

One of the first challenges a designer faces is power dissi- 
pation. High power dissipation creates the need for larger, 
more expensive enclosures, as well as the need for cool- 
ing fans, vents/filters, refrigeration systems (in some 
cases), and iarge power back-up systems. 

Low power drain, on the other hand, means that boards 
can be inexpensively sealed-off in locations requiring in- 
trinsicaily safe eiectronics, washdowns, or resistance to 
corrosion. Also, low power means increased reliability, 
portable battery back-up of volatile memory, and the 
overall reduction in system cost through the elimination of 
the extra equipment that is required when high power 
dissipation exists on the PC boards. 

A typical CPU board for the MULTIBUS™ has a power dissi- 
pation of 20W and an equivalei^pPU board for the STD BUS 
has a power dissipation of TsW, but the microCMOS 
technology that is used in National’s SERIES/800 CMOS 
industrial microcomputer (CIM™) board family allows the 
powe.r dissipation to be reduced to only 0.3W, with the CPU 
board still providing sufficient functionality for most 
applications. 

What’s more, the large power dissipation difference be- 
tween NMOS and CMOS increases when a more complex 
system is considered. At the board level, for instance, 
CMOS ICs will dissipate 25 to 30 times less than the equiva- 
lent NMOS ICs for the same functionality {Figure 14-1). 

NEW BUS REQUIRED 

These new CIM boards needed a new bus. In designing 
this new bus, National realized it could take advantage of 
the CMOS bus already developed for the NSC800™ 
microcomputer and add features that would diminish the 
systems designer’s involvement in putting a system 


together. What evolved was CIMBUS, a synchronous bus 
with 64 lines replicating about 30 of the functions of the 
NSC800’s bus, while adding many useful timing and con- 
trol signals. 

In designing a bus for an industrial environment, the 
designer must take Into account the need for an orderly 
shutdown of equipment in the event of system failure, 
since a disorderly shutdown could result in injuries or 
damage to equipment. CIMBUS, therefore, incorporates a 
system-level, fail-safe timer. This timer informs the rest of 
the system if the microcomputer hangs up or fails. The 
other boards will then be reset to a state that allows 
disengaging machinery in an orderly way. 

TEMPERATURE EXTREMES 

Using the new microCMOS products. National is able to 
design boards with an operating temperature range from 
- 40'’C to -I- 85°C (typical NMOS boards can only operate 
from O'C to SS^C). This more than doubles the operating 
temperature range. 

UNINTERRUPTABLE POWER SUPPLY 

The low power requirement of a CMOS industrial micro- 
computer boat;d system allows National to easily provide 
an uninterruptable power supply. The heart of this power 
supply is a voltage regulator board (a DC/DC switching 
converter that allows the system to be powered by unregu- 
lated DC) and a battery charger board (to monitor the dis- 
charge rate and.output voltage of an external battery and 
then provide either a fast or float charge). In conjunction 
with a 10V to 17V battery, these boards provide a portable, 
low-cost uninterruptable power supply that is simply 
plugged into the card cage. No additional equipment or 
hardware design is required by the user since the system 
is capable of full operation whether or not the primary 
power source (24 Voc) is present. 

MECHANICAL INTEGRITY 

To provide for mechanical integrity, the pin-in-socket DIN 
41612 connector is used. This provides an ideal mechan- 
ical complement to CMOS logic, where steady state cur- 
rents on the order of nAs are driven through connector 
pins. These connectors are resistant to both vibration and 
corrosion. 

The traditional approach has been to use the card-edge 
connector for all bus and I/O interfaces. This was an 
economical, but, unfortunately, an unreliable solution. 
STD BUS CIMBUS™ 


Technology 

NMOS 

NMOS 

microCMOS/CMOS 

• Temperature Range 

0°C to 55°C 

0"C to 55'C 

-40’Cto -I-85'C 


(SZ-Fto 13rF) 

(32"Fto13rF) 

(-40"Fto -H85"F) 

Board Size 

6.75" X 12.0" 

4.5" X 6.5" 

3.9" X 6.3" ' 


(17.2 cm X 30.5 cm) 

(11.4 cm X 16.5 cm) 

(10 cm X 16 cm) 

Supply Voltage 

5 Voc. ±12 Vdc 

5 Vdc ± 12 Vdc 

10 Vdc to 17 Vdc 


(Regulated) 

(Regulated) 

(Unregulated) 

Power Dissipation 

20W 

7.5W 

0.3W 

Speed 

4MHz(Typ) 

4 MHz (Typ) 

4 MHz 

Connector Type 

Card-Edge 

Card-Edge 

Pin-in-Socket 

FIGURE 14-1. Typical 8-Blt CPU Board NMOS to CMOS Comparison 
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^ National Semiconductor 

BLMX-80C 

Board-Level, Multitasking Executive 
for NSC800™-Based Systems 




— Menu selection procedure — Analog handlers 


— Hardware independent 


— Linkable interactive debugger 


Compatibility 

— NSC800, Z80® ' 

— Bus-like structure 

B Reliability 

— Smail, efficient nucleus 
— Simple user interface 
— Standard data structures 


Easy-to-Use ^ 

— Prompting menus guide system 
configuration 

— Comprehensible system functions 

— Functional similarity for internal and 
external calls 

— Reconfigurable 


Product Overview 

The BLMX-80C software system is a real-time, 
multitasking executive, specifically designed for 
use with National Semiconductor Corporation’s 
CMOS Industrial Microcomputer (CIM™) products, 
but is equally usable for any NSC800-based system. 
It has been optimized for real-time applications 
such as process control, manufacturing monitor- 
ing, and data acquisition systems. The BLMX-80C 
Executive is fully modular and can readily be con- 
figured to suit applications needs. It is completely 
hardware and location independent, thereby provid- 
ing a fundamental base upon which users can build 
a wide range of applications systems. In addition, 
BLMX-80C provides a bus-like structure that heips 
to integrate software with its underlying hardware 
through predefined data structures and intercon- 
nect procedures. This concept of software-bus 


architecture ensures maximum quality of standard- 
ization for compatibility and future expandability. 

The BLMX-80C nucleus requires only 512 bytes of 
RAM and 2 K bytes of ROM. The system contains all 
major real-time functions including task schedul- 
ing, intertask communication and synchronization, 
interrupt handling and I/O control, as well as many 
optional features. 

BLMX-80C provides support for all CIM CPU boards: 
CIM-802, CIM-802A, and CIM-804, as well as the 
CIM-201 Serial I/O Board and the CIM-411 Analog 
Input Board. Real-time modules include a handler for 
the System-Level Fail-Safe Timer and cold/warm 
start initialization. A linkable, interactive, system- 
level debugger is also supplied. 
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Features 

The BLMX-80C Board-Level, Multitasking Executive 
provides users of CIM products with simple and 
easy-to-use, yet comprehensive toois for creating a 
wide range of applications. The most notable fea- 
tures of BLMX-80C are; 

Structured Environment — The BLMX-80C Execu- 
tive and its associated modules support and en- 
courage modular, structured programming, thus 
providing a consistent structure from application to 
application and allowing experience gained and 
software written on one system to be easily 
transferred to another. Frequently, entire programs 
may be used in multiple applications, even if 
different CPU boards are invoived. 
Hardware-Oriented interface — The BLMX-80C 
Executive provides for an intertask and task/execu- 
tive communications architecture that is similar to 
hardware communications. Instead of an array of 
“mailboxes” (or “message centers”), BLMX-80C in- 
corporates channels. One merely communicates 
across a channel from his module to the desired 
destination. This interface is consisterit throughout 
the range of facilities offered, thus reducing the 
number of concepts to be learned, providing greater 
control at the task level, and increasing the efficien- 
cy of the system and the programming effort. ‘ 
Library Modules — The BLMX-80C Executive is 
constructed in a thoroughly modular manner with 
the full range of facilities being offered in multiple 
library modules, which allows easy selection of the 
exact facilities required. 

Small Nucleus — The BLMX-80C nucleus was hand- 
coded in assembly language rather than being com- 
piled from intermediate or high-level languages. The 
resulting product is therefore smaller and allows the 
incorporation of more features within the size gener- 
ally accepted as optimum. 


Priority-Oriented Scheduler — The BLMX-80C sche- 
duler ensures that the highest priority task that is 
ready to execute is given control, which allows the 
system to be responsive to its external world. Dy- 
namic reprioritization of tasks is supported for the 
most sophisticated of multitasking systems. 
Real-Time Speed — Because BLMX-80C was hand- 
coded in assembly language, several speed advan- 
tages are realized. Task swapping, channel and 
message management, and I/O interfacing are exe- 
cuted much more quickly than could be expected of 
a system written in a higher level language. 

Direct Interrupt Processing —The BLMX-80C archi- 
tecture employs interrupt channels that allow 
device-specific interrupt handling routines to 
interface directly with the interrupt source. This 
accompiishes servicing of interrupts without the 
overhead of task swapping, yet allows the operat- 
ing system to maintain the integrity of the system. 
Combining this interrupt service architecture with a 
device-efficient nucleus results in an operating 
system that better supports demanding, real-time 
applications. 

Comprehensive I/O Support — The BLMX-80C li- 
braries contain support for a wide variety of I/O 
boards within the CIM product line, thus simplifying' 
the addition of peripherals to an application system. 
For applications requiring interfacing to unique devi- 
ces, the architecture of BLMX-80C allows easy addi- 
tion of user-written handlers. 

User Configurability — BLMX-80C Executive-based 
applications may be configured from a wide range 
of facilities, selecting only those that meet the spe- 
cific requirements of the application system. The 
resultant system contains only the modules neces- 
sary for its use, allowing the BLMX-80C Executive 
to fit a wide range of applications from small, 
special-purpose, dedicated applications to large, 
general-purpose systems. 


ANALOG 

INPUT 

HANDLER 


ANALOG 

OUTPUT 

HANDLER 






TERMINAL 

HANDLER 


INTERACTIVE 

DEBUGGER 


FIGURE 1. Configuration Flexibility Provides Application Freedom 

The BLMX-80C Executive, and associated modules, allows the designer the freedom to 
choose from a wide range of CPU, expansion, and controller boards upon which his 
application may be built. It allows one to break the ties between the application and the 
hardware, and thereby gain appiication freedom and save software development costs. 
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Ev3nt-Driven — In the BLMX-80C Executive, each 
user task exists in its own “closed environment” — 
a virtual processor. Each virtual processor can syn- 
chronize with external/internal occurrences through 
events. BLMX-80C supports a wide variety of 
events, including synchronization with task activi- 
ties, external device operations, and the real-time 
clock. 

Free Space Manager — The BLMX-80C Executive 
has an integral free space manager. This feature 
not only reduces the amount of RAM required in an 
application system (potentially reduces board 
count), but also allows active modules more buffer 
area within any given space constraint. 
Time-of-Day Clock — The BLMX-80C Executive has 
an integral system/time-of-day clock. Included is a 
real-time clock configurable to a resolution of 10ms. 
This negates the need to allocate the extra memory 
required for these features, which are necessary in 
most application systems. 

Debugging Aids — The BLMX-80C Executive has a 
linkable, system-level, user-oriented, interactive 
software debugging aid. The debugger allows 
examination and modification of system message 
control blocks and execution breakpoints, auto- 
matic stack overflow monitoring, and numerous 
other features that result in simplified task debug- 
ging and faster application system development. 
Hardware/Software Compatibility — The user of 
BLMX-80C is guaranteed that his CIM boards and 
his BLMX-80C device handlers will always be com- 
patible. If changes are necessitated on any item 
supported by National Semiconductor Corporation, 
the BLMX-80C user is guaranteed that no compat- 
ibility problems will arise. 

Facilities 

The various facilities offered by the BLMX-80C 
Executive are provided as independent library 


modules, thus allowing simple inclusion or exclu- 
sion depending on the user’s specific require- 
ments. These facilities are described below. 
Nucleus— The BLMX-80C nucleus provides real- 
time scheduling, interrupt handling, intertask com- 
munications, task control, free-space management, 
and time-of-day. The services offered are: 

—Task message sending/receiving and synchron- 
ization 

— External input/output and synchronization 
— Task management 

—Time control 

— Creation and disposal of tasks during run time 

— Extended free memory pool management (user 
space) with granularity control for optimization 

Terminal Handler — The BLMX-80C terminal hand- 
ler provides a data path between a console device 
(CRT or TTY) and user tasks. The services offered 
include: 

—Terminal input processing with echo capability 

— Recognition of termination character 

— Recognition of the editing control characters 
—Terminal output processing 

Analog Handlers— The BLMX-80C analog handler 
provides a convenient mechanism for obtaining and 
transmitting analog values between user tasks and 
the ClM-411 Analog Input Board. The analog hand- 
lers offer a full range of services that include: 

— Sequential input function foranalog input 
sampling 

— Random sequence input function for sampling at 
user-specified sequence 


Fail-Safe Timer Handler — The BLMX-80C System- 
Level Fail-Safe Timer Handler is implemented as an 
interrupt handler. It provides the retriggering 
required to maintain the fail-safe timer on the CIM 
CPU boards. 


Table 1. BLMX-80C Memory Requirements 


Memory Requirements' (Bytes) 


Nucleus 


Module 

Basic 

Kernel 

Timer 

Manager 

Option 

Dynamic 
Task Disp. 
Option 

Dynamic 

Channel 

Option 

Extended 
Mem. Mgr. 
Option 

Terminal 

Handler 



532 

53 

80 


835 



— 

— 

— 

— 

14 

Module 

Analog 

Input 

Handler 

Analog 

Output 

Handler 

Fail-Safe 

Timer 

Handler 

Cold/Warm 

Start 

Initialization 

Static 

Debugger 

Dynamic 

Debugger 

PROM2 

66 

42 

50 

276 

6246 

18842 

RAM3 


— 

— 

— 

500 

2344 


Notes: 

1. All figures are approximate. Modules whose final size is user-dependent have the minimum requirements listed. 

2. Indicates amount of code which can be configured in PROM. 

3. Does not include user-defined Message Control Blocks. 
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Cold/Warm Start Initialization Modules— The link- 
able BLMX-80C initialization routines provide appli- 
cation-independent initialization. The functions 
provided include: 

— Determination whether a cold start or a restart 
(warm start) is needed 

— System RAM test 

— Programmable timer(s) reset 
-CPU-dedicated I/O initialization 

— Serial I/O UART initialization 

The System Generation Process 

The BLMX-80C system generation process is, for 
the most part, accomplished by running a program 
called SYSCON on a STARPLEX™ Development 
System. The user merely “fills out forms” presented 
on STARPLEX, answering questions concerning the 
CPU board, which library modules are required, 
location of handlers and user-generated tasks, and 
assignment of channels for communications be- 
tween tasks and with the Executive. The resulting 
files are then merged into object form executable 
on the application system. The system may then be 
debugged using the NSC800 In-System Emulator 
(ISE™) from National Semiconductor Corporation, 
or the BLMX-80C interactive debugger. The final 
application system code is then available for PROM 
programming. 

Supported Hardware 

CIM-800 Series CPU Boards 
CIM-201 Serial I/O Board 
CIM-411 Analog Input Board 

BLMX-80C Executive Shipping Package 

One diskette containing: 

— BLMX-80C Nucleus 

— Terminal Handler 

— PLM80 Language Interface 

— Fail-Safe Timer Handler 

— Analog Handlers 

— Initialization Library 

— Interactive Debugger 

— SYSCON (System Configuration Program) 

Reference Manuals 

BLMX-80C Reference Manual 
BLMX-80 System User’s Manual 


SYSCO I 



INPUTS 



FIGURE 2. System Generation Process 

The user is guided through the system generation process by 
SYSCON. The sophisticated NSC800 In-System Emulator from 
National Semiconductor Corporation eases the debugging of 
application-unique software. 


Order Information 

BLMX-80CS BLMX-80C Executive for 

NSC800-based CIM CPU 
boards on a single density 
diskette 

BLMX-80CD BLMX-80C Executive for 

NSC800-based CIM CPU 
boards on a double density 
diskette 


Documentation 

BLMX-80CM Manual set (#920308068-001) 
including the BLMX-80C 
System Reference Manual 
(#420306677-001) and the 
BLMX-80 System User’s 
Manual (#420306432-001) 
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^ National Semiconductor 


CIM‘'-100/104/108 
and CIM-100C/104C/108C 

\ n 

microCMOS 


Memory Expansion Boards 



B Adds RAM and/or PROM to a SERIES/800™ 
system 

° Supports 2k X 8 PROM/RAM and 4k x 8 
PROM devices 

B Address-assignable on 16k boundaries 
B High-performance, low power micro- 
CMOS technology 
B Fits CIM-602/604 card cage 


B All required connections for CIMBUS™ 
compatibility provided on-board 
B Single 5 Vdc power supply 
a -40®C to +85°C or 0 to +70“C (commer- 
cial version) operating temperature 
ranges 

° Built solely with components burned in to 
A+ levels 


Product Overview 

The CIM-100 series of PROM/RAM Memory Expan- 
sion Boards are members of the SERIES/800 line of 
CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 is 
a complete family, including CPU, memory expan- 
sion, and digital and analog I/O boards. Also included 
is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the* 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol- 
ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- 
trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-100/104/108 and CIM-100C/104C/108C PROM/ 
RAM Memory Expansion Boards are memory expan- 
sion boards for the SERIES/800 CMOS Industrial 


Microcomputers from National Semiconductor Corp- 
oration. The CIM-100/104/108 boards are identical ex- 
cept for the amount of factory-installed RAM: the 
CIM-100 has no RAM installed, the CIM-104 has 8k 
RAM installed, and the CIM-108 has 16k RAM in- 
stalled. The CIM-100C/104C/108C boards are func- 
tionally identical to the CIM-100/104/108, with the 
only difference being their operating temperature 
range (0 to -+-70°C versus -40°C to +85°C). The 
CIM-100 series boards allow various combinations 
of PROM and RAM to be added to a CIMBUS system, 
up to a maximum of 8k PROM -f 8k RAM, 16k PROM, 
16k RAM, or 32k PROM. The CIM-100 series memory 
expansion boards, only 100mm x 160mm (3.9" x 
6.3") in size, fit the CIM-602/604 series card cages, 
and are connected to the CIMBUS by 64-pin, pin-in- 
socket DIN 41612 connectors. See the CIMBUS 
System Bus Specification Manual for a description 
of the CIMBUS (order as CIMBUSM or Manual 
#420306681-001). The use of microCMOS technology 
gives high performance at low power consumption 
levels, and, in keeping with the aimsof the SERIES/800 
line, the CIM-100 series boards are designed for . 
reliable performance over a wide range of harsh en- 
vironmental conditions. 
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Functional Description 

The CIM-100 series memory expansion boards are 
shipped with either no RAM (CiM-100/100C), 8k RAM 
(CiM-104/104C), or 16k RAM (CIM-108/108C) install- 
ed. User PROM may be added to the CIM-100 and 
CIM-104; address boundaries and board configura- 
tions are then estabiished by on-board jumpers. The 
CIM-100 series functionai units are: 

• CiMBUS interface 

• Address buffer 

• Chip seiect circuitry 

• Memory array 

• Control logic circuitry 

• Data buffer 

The address buffer receives 16 address bits from the 
CIM-800 CPU through the CIMBUS interface and 
transfers the address bits to the internal address bus, 
the control logic circuitry, and the chip select cir- 
cuitry. The chip select circuitry then determines 
which PROM/RAM device in the memory array 
should be enabled and sends four address bits to a 
decoder which enables the selected memory. 

The memory array consists of two banks, each of 
which contains four PROM/RAM devices. A 16k byte 
memory block may be formed from 2k x 8-bit capac- 
ity RAM devices in combination with 2k x 8-bit 


capacity PROM devices. In this example, one mem- 
ory array bank contains 8k bytes of RAM and the 
other bank contains 8k bytes of PROM. Other pos- 
sible configurations with 2k x 8-bit capacity devices 
are 16k bytes of RAM only or 16k bytes of PROM only. 

PROM devices with a 4k x 8-bit capacity may also be 
used. RAM or PROM devices with 2k x 8-bit capacity 
cannot be combined with 4k x 8-bit PROM devices. 
Possible configurations for the 4k x 8-bit PROM 
devices are 16k bytes of PROM (only one bank used) 
or 32k bytes of PROM (both banks used). 

The memory configuration and address assignments 
are established by on-board jumpers. When memory 
is accessed, one PROM/RAM device is enabled by 
the chip select circuitry and eight bits of memory 
data are transferred in from or placed out on the 
board’s internal data lines. Data direction depends 
on whether addressed memory is PROM or RAM and 
whether the memory request is a read or a write. 

The control logic circuitry decides whether the 
memory access is a read or write cycle. The decision 
depends on information from the CIMBUS interface 
and two internal address bits. The data buffer 
transmits or receives data from the CIM-800 CPU; the 
CPU determines whether the direction of data move- 
ment is to or from the memory array. 
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Specifications 

Memory Capacity 

Various combinations to a maximum of 8k PROM + 
8k RAM, 16k PROM, 16k RAM, or 32k PROM 

Word size— 8 bits 

Compatible 

Memory 

Devices— NMC27C16 {2k x 8-bit PROM) 

6116 (2k X 8-bit RAM) 

NMC27C32 (4k x 8-bit PROM) 

Access 

Time— 515 ns 

Address 

Selection— assignable on .16k boundaries 

within 64k bytes 

System Bus Interface 

64-pin, pin-and-socket DIN 41612 connector. 

Recommended mating connectors: 

Winchester 96S-6033-0531-2 
Eico 008257-096-649-124 

Power 

Vcc = 5 Vdc4:5% 


Environmental Temperature: 

CIM-100/104/108: -40°C to 
-l-85°C(-40°Fto -l-185°F) 

- CIM-100C/104C/108C: 

Oto -f70°C (-f32°F to -M58°F) 
Humidity: 0 to 90% 

noncondensing 

Physical Length: 6.30 in. (160 mm) 

Width: 3.94 in. (100 mm) 
Height: 0.50 in. (13 mm) 
Weight: 0.71 oz. (20 gm) 
(CIM-100) 

Order Information 

CIM-100/104/108 and CIM-100C/104C/108C 

PROM/RAM Memory Expansion Boards 

CIM-100 No RAM installed 

CIM-100C 0 to -f 70°C (Commercial) 

version 

CIM-104 8k RAM instalied 

CIM-104C Oto -+-70°C (Commerciai) 

version 

CIM-108 16k RAM instalied 

CIM-108C 0 to ■f70°C (Commercial) 

version 


PROM/RAM Used 

Memory Size 

Current (Max) 

none 

Ok 

1.23 

mA 

6116 

8k 

62.00 

mA 

NMC27C16 

8k 

27.00 

mA 

6116 

16k 

62.50 

mA 

NMC27C16 -1-6116 

16k 

62.40 

mA 

NMC27C32 

32k 

27.00 

mA 


Documentation 

CIM-100M CIM-100/104/108 and 

CIM-100C/104C/108C PROM/ 
RAM Memory Expansion 
Board Hardware Reference 
Manual (#420305685-001) 

CIMBUSM CIMBUS System Bus 

Specification (#420306681-001) 
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FIGURE 1. CIM-100 Series RAM/PROM Expansion Board Block Diagram 
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^ National Semiconductor 

CIM™-201 and CIM-201C 



microCMOS 


Serial Input/Output Boards 



B Single-channel asynchronous transfer of 
serial data 

Q RS“232C or optically isolated 20 mA 
current loop operation 

B Interfaces with wide variety of terminals, 
computers, printers, and other peripheral 
equipment 

B May be configured as either data set 
(DCE) or data terminal (DTE) 

B Can be used in pairs in demand/ 
response mode 

B User-selectable baud rates from 50 to 
153600 

H Standard 25-pin “D” connector for serial 
data 


B CIMBUS^-compatible with 
SERIES/SOO^** line 

a Small 100 mm x 160 mm Eurocard form 
fits directly into CIM-602/604 card 
cages 

H microCMOS technology gives high 
reliability at low power consumption 
B -40“C to +85”C or O'C to +70T 
(commercial version) operating 
temperature ranges 
B Designed for demanding use under 
harsh environmental conditions 
H Built solely with components burned in 
to A+ levels 


Product Overview 

The CIM-201 arid CIM-201C Serial I/O Boards are 
members of the SERIES/800 line of CMOS Industri- 
al Microcomputers (CIM) from National Semiconduc- 
tor Corporation. SERIES/800 is a complete family, 
including CPU, memory expansion, and digital and 
analog I/O boards. Also included is a real-time, mul- 
titasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution 


speeds of NMOS microprocessors with the power 
dissipation and environmental characteristics of 
CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a doc- 
umented scheme for board interconnection (see the 
CIMBUS specification). The microCMOS technology 
employed, combined with the single-wide Eurocard 
form factor of the boards, makes the SERIES/800 
line appropriate for many applications in harsh envi- 
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ronments, such as numeric machine control, pipeline 
monitoring and control, robotics, industrial instrumen- 
tation and uninterruptable power supplies. 

The CIM-201 Serial I/O Board provides the capabili- 
ty for RS232C or current loop controlled asynchro- 
nous data transfer between a SERIES/800 system 
and any compatible peripheral device. Such periph- 
eral devices may include a wide variety of comput- 
ers, terminals, printers, microwave links, or various 
kinds of control or instrumentation devices designed 
for RS232C or current loop operation. The 
CIM-201C is identical to the CIM-201, with the only 
difference being its operating temperature range 
(0°C to -t-70°C versus -40°C to +85°C). 

The CIM-201 may be configured as either a data 
set (DCE), a device that interfaces with a communi- 
cation channel such as telephone lines, or as a data 
terminal (DTE), the source or destination of data 
such as a CRT display, a computer, or a printer. Ad- 
ditionally, the CIM-201 may be used in pairs in a de- 
mand/response mode, where one CIM-201 is con- 
figured as a DCE and the other as a DTE. 

Baud rates from 50 to 153600 are user-selectable. A 
configuration interrupt line provides communication 
between the CIM-201 and the CIMBUS. Transmis- 
sion or reception by the CIM-201 may be interrupt- 
ed if necessary; similarly, if the CIM-201 loses 
transmission (such as loss of carrier detect when 
connected to a modem), an interrupt flag may be 
output to the CIMBUS. See the CIMBUS Specifica- 
tion Manual for a description of the CIMBUS (order 
as CIMBUSM or Manual #420306681-001). 
RS232C connection is made by a standard 25-pin 
“D” connector. 

If the CIM-201 is used in a current loop configura- 
tion, ±15\/dc power may be obtained from the CIM- 
610 Voltage Regulator Board. Othenwise, only a single 
30Vdc power source is required. 

Like all the other members of the SERIES/800 line, 
the CIM-201 uses microCMOS technology through- 
out for high reliability at low power consumption lev- 
els. CIMBUS connections are made through pin-in- 
socket DIN 41612 connectors, which are highly re- 
sistant to vibration and corrosion, and eliminate the 
card edge connector, a primary failure source in 
many systems. The CIM-201 uses the single-wide 
Eurocard form factor, measuring only 100 mm x 160 
mm (3.9" x 6.3"), and fits into the 8-slot and 18-slot 
CIMBUS card cages. 

Functional Description 

The CIM-201 Serial I/O Board transmits and re- 
ceives asynchronous serial data. It consists of six 
major functional blocks: 

• Address buffer 

• Base address 

• Baud rate selection 

• Universal Asynchronous Receiver/Transmitter 
(UART) 

• Data buffer 

• Current loop interface 


Address buffer 

The address buffer consists of an 8-bit bidirectional 
transceiver that is always enabled and set to re- 
ceive. It receives the eight least significant address 
bits (I/O mapped) from the CIMBUS and passes 
them on to the base address circuit, the baud rate 
select circuit, and the UART. 

Base address 

The base address circuit uses the five most signifi- 
cant address bits from the address buffer to estab- 
lish, along with a user-selected jumper configuration, 
the base address for the CIM-201. There are 32 
possible base addresses in the range from OOH to 
F8H in 8-bit increments. The base address is used 
as a reference to access five functions: 

Base address-fO — loads transmitter holding 
register of the UART 

Base address -t-1 — reads data received from 
a peripheral 

Base address+2 — loads UART control register 
Base address+3 — reads UART status register 
Base address-f 4 — loads baud rate select 
register 

Baud rate selection 

The main component of the baud rate selection cir- 
cuitry is a bit rate generator. When selecting a baud 
rate, the bit rate generator receives four data bits 
from the CIMBUS data lines and decodes them to 
select one of thirteen software-selectable baud rates 
from 50 baud to 9600 baud. Four more baud rates 
from 19200 baud to 153600 baud may be estab- 
lished by the configuration of on-board jumpers. The 
output of the baud ^/ate selection circuitry provides 
the transmit and receive clocks for the UART. 

Universal Asynchronous Receiver/Transmitter 
(UART) 

The UART is the central element of the asynchro- 
nous serial I/O activity. Configured by the parame- 
ters established by the other functional portions of 
the CIM-201, it directs control signals used in the 
communication with units external to the SERIES/ 
800 system and does the actual receiving and trans- 
mitting of data. It interacts with 

• chip initialization and enable signals 

• read/write lines 

• clock signals 

• register select 

• external status 

• data lines 

• request to send, clear to send, and peripheral 
status interrupt lines 

• interrupt line 

Aside from its software-selectable functions, the 
UART can be configured by on-board jumpers to act 
as either a data set (modem) or a data terminal (ter- 
minal). 
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Data buffer 

The data buffer is also an 8-bit bidirectional trans- 
ceiver. Its function is to receive eight bits of data 
from the CIMBUS and route the data to internal data 
lines or to take data from the internal data lines and 
route it to the CIMBUS. These data bits are either 
communication data to or from the UART, special 
data reflecting the condition of the UART status reg- 
ister, or special data setting the configuration of the 
UART control register. 

Current loop interface 

The current loop interface circuitry controls the 
UART when current loop rather than RS232C inter- 
facing is required. The current loop circuitry operates 
on the standard 20 mA current loop, and isolates 
the current loop driven device from the CIM system 
by means of optoisolators. 

To facilitate throughput, the Peripheral Status Inter- 
rupt (PSI), indicates a status change when activated. 
For example, the modem Data Carrier Detect line is 
connected to the PSI input on the UART. If trans- 
mission fails because of loss of the carrier on the 
communications line, the UART sends an interrupt 
signal to one of the CIMBUS interrupt lines, which 
can be used by the SERIES/800 system to trigger 
action appropriate to the situation. This eliminates 
the need for polling the UART status. 

Specifications 

Addressing 

Base address established by on-board jumpers from 
OOH to F8H in 8-bit increments. 


Serial I/O 

Control — programmable UART 

Transmission 

mode — asynchronous 

Word length — 5, 6, 7, or 8 bits 


Parity — odd, even, or none 
Stop bits — 1, 1 1/2, or 2 


Baud rates — 

50.0 

1800.0 


75.0 

2400.0 


110.0 

4800.0 


134.5 

9600.0 


150.0 

19200.0 (jumper-select. 


200.0 

38400.0 


300.0 

76800.0 

Error 

600.0 

1200.0 

153600.0 

detection — 

framing, data overrun, parity 

Interface — 

RS232C or 20 mA current loop 


Connectors 


CIMBUS — 


RS-232C — 


Optional 
power — 


Power 


Pin-in-socket DIN 41612 
Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Standard 25-pin “D” 

Recommended mating connectors:" 
3M 3482-1000 (crimp connection) 
Cinch DB-19604-432 (solder 
connection) 

Two-contact header 
Recommended mating connectors: 
Vendor Housing Contact 
Molex 09-50-3021 08-50-0106 
Methods 3300-102 3400-111 

(Optional power connector provided) 

+ 5Vdc 61.0mA 

+15Vdc 29.5mA 

-15Vdc 18.0mA 

(Includes power for optoisolators 
used in 20mA current loop 
operation) 


Environmental 

Temperature — CIM-201: -40°C to +85°C (-40T 
to -i-185°F) 

CIM-201C: 0“C to +70°C (+32T to 
+158°F) 

Humidity — to 90% noncondensing 

Physical — Length 6.30 in. (160.0 mm) 

Width 3.94 in. (100.0 mm) 

Height 0.73 in. ( 18.5 mm) 

Weight 1.2 oz. ( 32.0 gm) 

Order Information 

CIM-201 CIM-201 Serial Input/Output Board 

CIM-201C 0°C to -f-70'C (commercial) version 

Documentation 

CIM-201M CIM-201 and CIM-201C Serial 

Input/Output Board Hardware 
Reference Manual 
(#420306683-001) 

CIMBUSM CIMBUS System Bus Specification 

(#420306681-001) 
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FIGURE 1. CIM-201 Serial I/O Board Block Diagram 
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^ National Semiconductor 


PRELIMINARY 


microCMOS 


CIM™-203 and CIM-203C 
Dual Channel Serial I/O Boards 


■ Two, totally independent asynchronous 
serial I/O channels 


■ One channel alternately run in syn- 
chronous mode (user-installed option) 


■ Programmable baud rates 

-Async to 19.2 k baud 
-Sync to 38.4 k baud 


■ Either or both channeis can be either 
RS232C, RS422, or RS423 


■ Each channel may be configured either 
as data set or data terminai 


■ CIMBUS™-compatible with 
SERIES/800^» board line 


■ Small 100mm x 160mm Eurocard form 
fits directly into CIM-602/604 card 
cages 

B microCMOS technology gives high 
reliability at low power consumption 

■ -40°C to +85°C or 0 to +70°C (commer- 
cial version) operating temperature 
ranges 


B Built solely with components burned in 
to A+ levels 


■ Two levels of maskable interrupts 


Product Overview 

The CIM-203 and CIM-203C Dual-Channel Serial I/O 
Boards are members of the SERIES/800 line of CMOS 
Industrial Microcomputers (CiM) from Nationai Semi- 
conductor Corporation. SERiES/800 is a complete 
family, including CPU, memory expansion, and digital 
and analog I/O boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800^'^ microprocessor, 
which combines the benefits of the execution speeds 
of NMOS microprocessors with the power dissipation 
and environmentai characteristics of CMOS, and ex- 
ecutes the Z80 instruction set. The compiete line is 
compatible with the CIMBUS, a documented scheme 


for board interconnection (see the CIMBUS specifica- 
tion). The microCMOS technology employed, combin- 
ed with the single-wide Eurocard form factor of the 
boards, makes the SERIES/800 line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
uninterruptable power supplies. 

The CIM-203 Dual-Channel Serial I/O Board provides 
the capabilities for synchronous or asynchronous seri- 
al communications over RS232C-, RS422-, or RS423- 
compatible interfaces between a CIMBUS system 
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and many other systems and peripherals. The board 
contains two totally separate channels, thus allowing 
each to be configured and run independent of the 
other. Baud rates are software-selectable from 50 
baud to 19.2k baud, and jumper-selectable above that. 
The CIM-203 is shipped with two UARTS installed, 
permitting only asynchronous operation. The user 
can optionally replace one UART with a USART if a 
synchronous channel is required. The transceivers in- 
stalled on the board, as shipped, are for RS232C inter- 
faces. Transceivers appropriate for RS422/423 may be 
alternately used on either, or both channels. The 


CIM-203C is identical to the CIM-203, with the only 
difference being its operating temperature range (0 to 
-f70°C, versus -40°Cto -f 85°C). 

The CIM-203 shares the smalMOOmm x 160mm (3.9" 
X 6.3") single-wide Eurocard form factor with the rest 
of the SERIES/800 line and fits the CIM-602/604 card 
cages. It is completely CIMBUS-compatible through a 
pin-and-socket DIN 41612 connector, which provides an 
added element of mechanical and electrical reliability 
by eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) 
foradescription of the CIMBUS. 
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^ National Semiconductor 

CIM™-210 and 
Parallel I/O 



CIM-210C 

Boards 



microCMOS 



■ 40 bit-programmable I/O lines, with 

. provisions for interchangeable line drivers 
and terminators 

■ 4 levels of maskable interrupts 

■ Fail safe logic sets outputs to a known 
state if CPU fails 

■ Small 100mm x 160mm Eurocard form 
factor fits directly into CIM-602/604 card 
cages 


Product Overview 

The CIM-210 and CIM-210C Parallel I/O Boards are mem- 
bers of the SERIES/800™ line of CMOS Industrial 
Microcomputers (CIM) from National Semiconductor 
Corporation. Series/800 is a complete family, including 
CPU, memory expansion, and digital and analog I/O 
boards. Also included is a real-time, multitasking 
operating system, BLMX-80C. The line uses the micro- 
CMOS NSC800™ microprocessor, which combines the 
benefits of the execution speeds of NMOS microprofc- 
essors with the power dissipation and environmental 
characteristics of CMOS, and executes the Z80 instruc- 
tion set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnec- 


■ Compatible with CIMBUS^'^ system bus 

■ microCMOS technology gives high 
reliability with low-power consumption 

■ -40®Cto -i-85°C or 0®C to -i- ZO^C (com- 
mercial version) operating temperature 
ranges. 

■ Built solely with components burned in to 
A -I- levels 


tion (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial 
instrumentation, and uninterruptable power supplies. 

The CIM-210 Parallel I/O Board provides bit- 
programmable, parallel input and output for a CIMBUS 
system. Forty lines are furnished, arranged as four 8-bit 
ports and four 2-bit ports (which also serve as hand- 
shake or strobe lines in several of the programmable 
modes). Sockets on the I/O interface allow each line to 
be configured for numerous different applications by 
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the insertion of buffers or simple shorting wires (pull-up 
resistors are already provided). Four levels of maskable 
interrupts are generated by the interface devices which 
may be jumpered to any of the eight interrupt lines on 
the CIMBUS. The CIM-210C is identical to the CIM-210, 
with the only difference being its operating temperature 
range (0°C to -f70°C, versus -40°Cto -t-85°C). 

Like all other members of the SERIES/800 line, the 
CIM-210 uses microCMOS technology throughout for 
high reliability at low-power consumption levels. CIM- 
BUS connections are made through pin-and-socket DIN 
41612 connectors, which are highly resistant to vibra- 
tion and corrosion, and eliminate the card edge connec- 
tor, a primary failure source in many systems. The 
CIM-210 uses the single-wide Eurocard form factor, 
measuring only 100mm x 160mm (3.9" x 6.3"). 


Functional Description 

The CIM-210 Parallel I/O Board consists of six major 
functional blocks: 

• data buffer 

• address decode circuit 

• control fail circuit 

• Parallel Input/Output (PIO) circuit 

• interrupt circuit 

• input/output buffer section 


Data Buffer 

The data buffer is an 8-bit bidirectional transceiver. Its 
function is to receive eight bits of data from the CIM- 
BUS and route the data to internal data lines, or to take 
data from the internal data lines and route it to the CIM- 
BUS. These data bits are either I/O data to or from the 
PIOs, special data reflecting the condition of a PIO 
status register, or special data setting the configuration 
of a PIO control register. 


Address Decode Circuit 

The address decode circuit decodes the CIMBUS ad- 
dress lines AO through A7. Eight I/O locations are re- 
quired, with the actual base address set by onboard 
jumpers. The base address can be any location on an 
even eight-byte boundary from OOH to F8H. The ad- 
dress decode circuit enables the data buffer and either 
selects one of the two PIOs or clears one of the two 
PIOs when a valid address is present on the CIMBUS 
(see Table 1). 


Control Fail Circuit 

The control fail circuit monitors the CIMBUS fail-safe 
timer (TMRFS) signal. TMRFS is a low-frequency (1 Hz) 
clock signal generated by the CPU board. If the TMRFS 
signal should fail to toggle for 1 .6 seconds, or longer (in- 
dicating that the CPU has failed, or hung up), the control 
fail circuit activates on onboard fail signal. This signal. 


Table 1. CIM-210 I/O Address assignments 


I/O Address 

Read 

Write 

BASE-t-0 

Unused 

PIO #1 Reset 

BASE -t- 1 

PIO #1 Status 

PIO #1 Control 

BASE +2 

PIO //I Port A 

PIO #1 Port A 


Input Data 

Output Data 

BASE + 3 

PIO #1 Port B 

PIO #1 Port B 


Input Data 

Output Data 

BASE + 4 

Unused 

PIO #2 Reset 

BASE -1- 5 

PIO #2 Status 

PIO #2 Control 

BASE -H 6 

PIO #2 Port A 

PIO #2 Port A 


Input Data 

Output Data 

BASE -r- 7 

PIO #2 Port B 

PIO #2 Port B 


Input Data 

Output Data 


in turn, clears the PIOs (sets all lines to input mode), 
thus driving all outputs to a known state as determined 
by the actual buffer used (see Table 3). 


Parallel Input/Output (PIO) Circuit 

The PIO circuit consists of two PIO chips. A total of 40 
input/output lines are available, 20 input/output lines for 
each PIO. Each PIO is further divided into two ports (port 
A and port B) and four handshaking lines (RDY A, STB A, 
RDY B, and STB B). Each port contains eight I/O lines. 
The remaining four I/O lines connect to the four hand- 
shaking lines. (See Table 2.) 

Each PIO chip can be programmed to operate in four 
modes. They are: 

• Input mode— data input to port only 

• Output mode— data output from port only 

• Bidirectional mode— data input and output to 
port. 

• Bit programmable mode— sets individual lines of 
a port, inciuding handshaking lines, as either in- 
puts or outputs. 


Interrupt Circuit 

A total of four interrupt lines can be jumpered to any of 
the eight CIMBUS interrupt lines. The outputs are open 
drain so they can be jumpered together in groups rang- 
ing from one to four. 

Interrupts are generated by: 

• each port of each PIO 

• strobed input and output when programmed 

• ports monitored for specific input conditions when 
the condition is true. 


Input/Output Buffer Section 

To make the CIM-210 universal in its application, buffer 
sockets are provided at the I/O interface to allow each 
line to be configured as required. The buffers may be 
any device that has the same structure as a 74XX00 
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Table 2. PIO Operating Modes 


Mode 

(8) 

Port A 

Data Pins 

(2) 

Port A 

Handshaking Pins 

(8) 

Port B 

Data Pins 

(2) 

Port B 

Handshaking Pins 

Input 

Accept input data 

Ready, strobe 

Accept input data 

Ready, strobe 

Output 

Output data 

Ready, strobe 

Output data 

Ready, strobe 

Bidirectional 
(Port A only) • 

Transfer input/ 
output data 

Input hand- 
shaking for 

Port A 

Must be 

previously set to 

bit-prOgrammable 

mode 

Output hand- 
shaking for 

Port A 

Bit-Programmable 

Programmed 
individually as 
inputs or outputs 

Programmed 
individually as 
inputs or outputs 

Programmed 
individually as 
inputs or outputs 

Programmed 
individually as 
inputs or outputs 


gate. Table 3 lists some of the possible devices. Natural- 
ly, simple shorting wires may also be inserted in the 
sockets, but good design practice may suggest that a 
74HC02 be used for inputs to protect the PIOs. Pull-up 
resistors are already provided on the CIM-210. (The 
CIM-210 is factory shipped without buffers.) 


used for high power applications exceeding the system 
supply rating. The power to the I/O connector may be 
used for signal conditioning. The current on any of the 
supplies should not exceed safe operating limits. 

Specifications 


Table 3. Buffer selection guide 


Buffer 

Data 

Inversion 

Fail 

State 

Drive 

High (mA) 

Low (mA) 

Wires 

No 

High* 

1.6 min 

1.15 min 

74HC00 

Yes 

High 

3.4 min 

3.4 min 

74HC08 

No 

Low 

3.4 min 

3.4 min 

74HC32 

No 

High 

3.4 min 

3.4 min 

7400 

Yes 

High 

0.4 max 

16.0 max 

7408 

No 

Low 

0.8 max 

16.0 max 

7432 

No 

High 

0.8 max 

16.0 max 

7438 

Yes 

High* 

0.5 max 

48.0 max 

74 LOO 

Yes 

High 

0.2 max 

3.6 max 

74L08 

No 

Low 

0.2 max 

3.6 max 

74L32 

No 

High 

0.2 max 

3.6 max 

74LS00 

Yes 

High 

0.4 max 

8.0 max 

74LS08 

No 

Low 

0.4 max 

8.0 max 

74LS32 

No 

High 

0.4 max 

8.0 max 

74LS38 

Yes 

High* 

0.5 max 

24.0 max 

74S00 

Yes 

High 

1.0 max 

20.0 max 

74S08 

No 

Low 

1.0 max 

20.0 max 

74S32 

No 

High 

1.0 max 

20.0 max 

74C00 

Yes 

High 

1.75 min 

8.0 min 

74C08 

No 

Low 

1.75 min 

8.0 min 

74C32 

No 

High 

1.75 min 

8.0 min 


‘Fail state is high due to 10K pullup resistors. 


The 40 input and output signals are obtained through a 
50-pin ribbon connector. This leaves 10 pins for power 
and grounds. Main power to the decode and the port 
chips is from the 5 Vdc power on the back plane. 
Jumpers are provided for outputting power to the con- 
nector on the spare pins. The voltages are; -f5Vdc, 
+ 15Vdc, digital and analog grounds. There are also 
special jumpers for the buffer sockets. These jumpers 
are for setting buffer -f SVqc or + 15Vdc power from an 
internal or external source. The external power may be 


Addressing: Base address established by onboard 
jumpers from OOH to F8H in 8-bit in- 
crements (see Table 1). 

I/O Capacity: 40 programmable lines (see Table 2) 


Interrupts: Four interrupts may originate from 

either port (2) on both PIOs (2) 

Connectors 

Parallel I/O: 50-pin locking header 

Recomended mating connectors: 
3M 3425-7050 
Winchester 61-1150-01 
AMP 1-499662-0 

CIMBUS: Pin-and-socket DIN 41612 

Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 


Power -f 5V[)c @ 15mA (sockets empty, as 

shipped) 

+ 5Vdq @ 20mA (sockets contain 
74HC08 buffers) 

( + 5V[)c, -I- 15Vdc used externally will 
draw an additional amount of current' 
from the CIMBUS) 

Environmental 

Temperature: CIM-210: -40'’Cto -i-85°C 

(-40‘’F to -)- 185°F) 
CIM-210C: O'C to -f-70°C 

(-(-32'Fto -f lOS^F) 

Humidity: 0 to 90% noncondensing 


Physical 

Length: 

Width: 

Height: 

Weight: 


6.30 in. (160 mm) 
3.94 in. (100 mm) 
0.50 in. ( 13 mm) 
3.00 oz. ( 85 gm) 
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Order Information 

Documentation 


CIM-210 

CIM-210 Parallel I/O Board 

CIM-210M 

CIM-210/-210C Parallel I/O Board 
Hardware Reference Manual 

CIM-210C 

0°C to -f 70°C (commercial) version 


(#420308196-001) 



CIMBUSM 

CIMBUS System Bus Specification 
(#420306681-001) 


40 PROGRAMMABLE 
PARALLEL I/O LINES 



FIGURE 1. CIM-210 Parallel I/O Board Block Diagram 
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^ National Semiconductor preliminary 

CIM^'"-220 and CIM-220C 



Frequency/Period Measurement Boards 



H Interface to tachometers and voltage-to- 
frequency converters 

1 Four independent input channels 
B 16-bit resolution on both frequency and 
period measurements 
— Frequency: DC to 5MHz 
-- Period: 64msec to days 
B Interface directly with sensors or 
converters with outputs ranging from: 
— Max: 4.5V to 15V (absolute value) 

— Min: <0.5V (absolute value) 

— Periodic or nonperiodic 
— Unipolar or bipolar 


B Four independent interrupts on “end of 
count” 

B CiMBUS^M-compatible with SERIES/SOO^” 
board line 

B Small 100mm x 160mm Eurocard form fits 
directly into CIM-602/604 card cages 

B microCMOS technoiogy gives high 
reliability with low-power consumption 

B -40®C to -f 85®C or 0®C to -h70®C (com- 
mercial version) operating temperature 
ranges 

B Built solely with components burned in to 
A+ levels 


Product Overview 

The CIM-220 and CIM-220C Frequency/Period Measure- 
ment Boards are members of the SERIES/800 line of 
CMOS Industrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 is a complete 
family, including CPU, memory expansion, and digital 
and analog I/O boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSCOOO™ microprocessor, which 
combines the benefits of the execution speeds of 


NMOS microprocessors with the power dissipation and 
environmental characteristics of CMOS, and executes 
the Z80 instruction set. The corhplete line is compatible 
with the CIMBUS, a documented scheme for board inter- 
connection (see the CIMBUS specification). The micro- 
CMOS technology employed, combined with the single- 
wide Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial in- 
strumentation, and uninterruptable power supplies. 
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The ClM-220 Frequency/Period Measurement Board was 
designed with a multiplicity of applications in mind. Via 
its flexible architecture, it can be used to interface to 
tachometers, resolve data from any sensor with a volt- 
age-to-frequency converter on its output, or act as an 
event counter and/or timer. It is capable of receiving four 
separate inputs, and calculating either the frequency or 
the period of each signal. The board’s interface logic 
allows the connection of many devices directly to the 
CIM-220. The CIM-210C is identical to the CIM-210, with 
the only difference being its operating range (0°C to 
H-ZO-C, versus -40°C to +85°C). 

The CIM-220 cleverly offers a solution to a major design 
problem in many applications: that of providing a clean 
and accurate remote sensor input to the computer. Long 
lines and electrical noise have always plagued the 
designer who must measure microvolt full scale inter- 
faces. The traditional answer is to add a current loop 
converter/transmitter at the sensor, or/and an analog 
signal conditioning panel at the computer. The CIM-220 


allows a simpler and less expensive solution, that, 
potentially, offers even better resolution. By following 
the remote sensor with a voltage-to-frequency con- 
verter, the interface becomes inherently less suscep- 
table to electrical distance and noise. It has the secon- 
dary advantage of replacing an analog-to-digital con- 
verter board, often the most expensive portion of the 
computer, with the CIM-220, Additionally, with the 
board’s 16-bit counters, resolution is increased from 
typical A/D values of 8 and 12 bits. 

The CIM-220 shares the small 100 mm x 160 mm 
(3.9" X 6.3") single-wide Eurocard form factor with the 
rest of the SERIES/800 line, and fits the CIM-602/604 
card cages. It is completely CIMBUS-compatible 
through a pin-and-socket DIN 41612 connector, which 
provides an added element of mechanical and electrical 
reliability by eliminating the usual card-edge connector. 
See the CIMBUS System Bus Specification 
(//420306681-001) for a description of the CIMBUS. 
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^ National Semiconductor 


CIM'”-230 and CIM-230C 



Distributed i/0 Bus (DiB™) interface Boards 



■ Provides the interface between the 
CiMBUS'”and the DiB 

■ Smaii (100 mm x 160 mm) single-wide 
Eurocard form fits CiM-602/604 card cages 

■ microCMOS technology gives high 
reliability at low power consumption 

■ -40®C to +85‘’C or 0 to +70®C (commer- 
cial version) operating temperature 
ranges 

■ Built solely with components burned in to 
A-h levels 


■ DIB offers advantages for many 
applications 

—Software I/O routines are the same for 
all DIB I/O 

—Single 60-pin flat cable used to inter- 
face/multi-drop up to 256 input ports 
and 256 output ports 

' —Polarized interface hardware ensures 
correct connections 

—Switched high voltage/current inter- 
faces remote from card cage 
—Form factor and mounting method for 
user-designed DIB boards dictated only 
by application convenience 


Product Overview 

The CIM-230 and CIM-230C Distributed I/O Bus (DIB) 
Interface Boards are members of the SERIES/800™ 
line of CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 is 
a complete family, including CPU, memory expan- 
sion, and digital and analog I/O boards. Also includ- 
ed is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental character- 


istics of CMOS, and executes the Z80 instruction set. 
The complete line is compatible with the CIMBUS™, 
a documented scheme for board interconnection 
(see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh envoronments, such as numeric machine con- 
trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 
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The Distributed I/O Bus (DIB) is an isolated inter- 
face providing external mapped parallel I/O to a 
SERIES/800 system. Consisting of a single 60-wire 
flat cable, it allows simple yet flexible connections to 
remote, discrete I/O devices such as relays, limit 
switches, thumbwheels, and indicators. The recom- 
mended connectors/cabling provide standard con- 
nections to the I/O devices and eliminate physicaily 
complicated and error-prone wiring schemes. Simi- 
larly, all I/O devices are controlied the same way, 
which greatly simplifies the task of writing software 
I/O routines. 

The CIM-230 DIB interface board is the interface bet- 
ween the CIMBUS and the DIB. It translates the sig- 
nals between the two bus systems, accounts for tim- 
ing differences, and can accommodate up to 256 in- 
put and 256 output ports. The CIM-230C is identical 
to the CIM-230 with the only difference being its 
operating temperature range (0 to -t- 70'’C versus -40°C 
to+85°C). 

Functional Description 

CiM-230 DIB Interface Board 

The CIM-230 is made up of six functional units: ad- 
dress buffer, address intercept circuit, control logic, 
data buffer, watchdog timer, and fail-safe circuitry. 

The eight high-order CIMBUS address bits are 
brought into the CIM-230 through the address buffer. 
These eight bits, which constitute the addresses of 
the 512 (256 input and 256 output) possible I/O ports, 
are then placed on the DIB address bus. 

The address intercept circuit decodes the buffered 
address bits and determines whether or not the 
CIM-230 is being addressed. The CIM-230 address, 
which is set by on-board jumpers, may be one of three 
types: a single address, all addresses from OOH to a 
preset upper limit, or all addresses from a preset 
lower limit to FFH. 

The control logic generates control signals for DIB 
I/O and a WAIT signal for the CIMBUS, which syn- 
chronize the operation of DiB I/O devices with the 
system processor. When the CIM-230 is addressed, 
the CIM-230 in turn puts a device address onto the 
DIB. The addressed device responds with a PORT 
READY signal, and the data is strobed in from or out 
to the addressed port. The CIM-230 will generate a 
CIMBUS WAIT signal, causing the CPU to suspend 
operation until the port data is received or 
transmitted. 

The data buffer is the holding area for I/O data being 
passed between the DIB and the CIMBUS. The data 
buffer is bidirectional and gates the data in the ap- 
propriate direction based on a signal from the control 
logic. 

Under normal conditions, the CIMBUS WAIT is 
cleared when the addressed I/O device responds 


with its PORT READY signal. In the event that a 
nonexistent or failed I/O device is addressed, the 
watchdog timer will lift the WAIT signal after a preset 
timeout period. The timeout period, based on the 
CIMBUS clock signal, can be either 4, 8, or 16 clock 
cycles. 

The fail-safe circuitry monitors the system fail-safe 
timer. If the system fail-safe timer stops for longer 
than 1.6 seconds, a processor failure is assumed, 
and the fail signal that is generated can be used to in- 
itiate failure-related I/O functions, such as turning off 
all relay-controlled equipment. 

Access to all of the eight interrupts on the CIMBUS is 
provided to any device on the DIB via the CIM-230. 

Distributed Input/Output Bus 

The Distributed I/O Bus (DIB) provides a means for' 
discrete, parallel I/O, which is beneficial for many 
applications. It is a mapped, parallel I/O bus for use 
outside of a CIMBUS card cage (Figure 1), and is in- 
tended for use with discrete I/O devices such as re- 
lays (solid state or electromechanical), switches, dis- 
plays/indicators, hexadecimal keypads, and many 
other relatively “slow” devices. It is not a replace- 
ment for common “high-speed” interfaces to such 
peripherals as video display terminals, printers, and 
floppy disk drives. 

In general, the DIB is an alternative to the typical 
digital I/O expansion board found in the card cage in 
many microcomputer architectures. The traditional 
architecture often has many disadvantages in terms 
of both the system’s design and its manufacture: 

1. When there is a large number of I/O devices with 
which to interface, signal conditioning and cable 
routing/Strain relief become burdensome, and ac- 
commodating measures in manufacturing are prone 
to errors. 

2. Switching high voltage/current interfaces tends 
to introduce noise in the system’s backplane unless 
the necessary steps for isolation, some of which are 
prohibitive in terms of cost and size, are taken. 

3. Because I/O connections are made “directly” to 
the microcomputer bus, the microcomputer’s soft- 
ware must deal “directly” with the uniqueness of 
each interface. This uniqueness places the burden 
for making the interface work on the software pro- 
gramming, which often results in massive sets of I/O 
modules (frequently the reason for the software 
design costs being much greater than the hardware 
design costs). 

4. If the application calls for a unique interface 
which is not available off the shelf, then an expan- 
sion board which adheres to a set of bus specifica- 
tions must be designed. The bus specifications will 
then dictate the bus electrical interface, the form fac- 
tor, the mounting orientation, and often the allowable 
power dissipation. 
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The architecture of the DIB is particulariy advanta- 
geous for appiications with medium to large I/O 
requirements due to the fact that it corrects the draw- 
backs listed previously; 

1. All DIB I/O is done through the CIM-230, over a 
single cable, and then to any number and configura- 
tion of boards/functions up to a total of 256 input 
ports and 256 output ports (or 2048 input lines and 
2048 output lines). 

2. Because the DIB is an isolated bus to remote I/O 
functions, that functionality will not introduce noise 
into a CIMBUS system. 

3. The CIM-230 is the translator between the 
CIMBUS and the DIB. One of its duties is to provide a 
consistent interface to the microcomputer. All dif- 
ferences in timing, signal definition, and interface 
“protocol” are supplied by either the CIM-230 or the 
interfacing hardware at the I/O end of the DIB. This 
consistent interface allows standardization of all 
DIB-related I/O software routines. 


4. The specification for the DIB involves only the tim- 
ing and functionality for the ribbon cable interface. 
The form factor and means/location for mounting are 
left to the designer and can be whatever is con- 
venient for any unique application. 


The DIB can be thought of as consisting primarily of 
buffered or terminated CIMBUS signals such as the 
address, data, interrupt, and power and ground lines. 
It also contains several handshake and strobe sig- 
nals to ensure proper communications through a 
potentially noisy environment (Table I). 


An example of the kind of functionality that is typi- 
cally put on the DIB is that provided by the CIM-311 
Power I/O DIB Board. This board provides an inter- 
face to the popular solid state relay racks offered by, 
and multisourced by, many vendors. In addition, the 
CIM-311 contains four maskable interrupts. 



FIGURE 1. The DIB is an external I/O bus which can be extended, through muiti-drops, to 256 input and 256 output ports 
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Specifications 


Power 


+ 5 Vdc±0.2 Vdc, 16 mA typical 


Address Space 

Selectable— OOH to preset upper limit 
Preset lower limit to FFH 
Single address 

Factory Setting— OOH to BFH, inclusive 

Timeout Period 

Selectable— 4, 8, or 16 CIMBUS clock cycles 

Factory Setting— 16 clock cycles 

DIB Lines Available 

8 Data 
8 Address 
8 Interrupt 
5 Timing + strobes 
5 Handshake 
24 Power + ground 

(See Table I for DIB pin/signal definitions.) 

Connectors 

CIMBUS Pin-in-socket DIN 41612 

Recommended mating 
connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

DIB 60-pin locking header 

Recommended mating 
connectors; 

3M 3334-6060 
Amp 88479-9 
(Connector provided) 


Environmental Temperature: 

CIM-230: -40°Cto+85“C 

(-40°Fto -t-185°F) 
C1M-230C; 0°Cto -t-70°C 

(-f32°Fto -t-158°F) 
Humidity: 0to90% 

noncondensing 

Physical Length: 6.30 in. (160 mm) 

Width: 3.94 in. (100 mm) 
Height: 0.55 in. (13 mm) 
Weight: 4 oz. (110 gm) 

Order Information 

CIM-230 Distributed Input/Output Bus 

Interface Board 

CIM-230C Oto -f70°C (Commercial) ver- 

sion 

Documentation 

CIM-230M Distributed I/O Bus (DIB) 

CIM-230 and CIM-230C DIB 
Interface Board Hardware 
Reference Manual 
(#420306595-001) 

CIMBUSM CIMBUS System Specification 

(#420306681-001) 



FIGURE 2. CIM-230 DIB Interface Board Block Diagram 
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Table 1. DIB Pin Assignments 


Pin 

Mnemonic 

Signal Name 



Mnemonic 

Signal Name 

1 

INTI 



Bi 

INT2 



INT3 

INTERRUPT 



INT4 

INTERRUPT 


INT5 

REQUESTS 



INTO 

REQUESTS 


INT7 



8 

INTO 


9 

RESOUT/ 

RESET OUT 


10 

PORTREADY/ 

PORT READY 

11 

GND 

GROUND FOR -t-5V 


12 

lODAOU/ 

I/O DATA OUT/ 

13 

GND 

GROUND FOR -I-5V 


14 

GND 

GROUND FOR -f 5V 

15 

OUTCK/ 

OUTPUT CLOCK/ 


16 

lODAIN/ 

I/O DATA IN/ 

17 

OUTEN 

OUTPUT ENABLE 


18 

INPEN 

INPUT ENABLE 

19 

GND 



20 

FAIL/ 

FAIL/ 

21 

GND 



22 

Ml 

INSTRUCTION FETCH 

23 

GND 



24 

ADR15 


25 

GND 



26 

ADR14 


27 

GND 



28 

ADR13 


29 

GND 

GROUND FOR -I-5V 


30 

ADR12 

ADDRESS 

31 

GND 



32 

ADR11 

LINES 

33 

GND 



34 

ADR10 


35 

GND 



36 

ADR9 


37 

GND 



38 

ADR8 


39 

GND 



40 

GND 


41 

DAT7' 



42 

GND 


43 

DAT6 



44 

GND 


45 

DAT5 



46 

GND 


47 

DAT4 

DATA 


48 

GND 

GROUND FOR -I-5V 

49 

DAT3 

LINES 


50 

GND 


51 

DAT2 



52 

GND 


53 

DAT1 



54 

GND 


55 

DATO 



56 

GND 


57 

-f5V 

+ 5V DC POWER 


58 

■I-5V 

-I-5V DC POWER 

59 

IGND 

ISOLATED GROUND 


60 

IGND 

ISOLATED GROUND 
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^ National Semiconductor 

CIM™-311 and CIM-311C 
Power I/O DIB™ Boards 



microCMOS 



B Allows the instant addition of popular 
solid state relay racks to a CIMBUS™ 
system ' 

• Provides high voltage/current switching 

» Isolates switching-induced noise from 
the computer bus 

• Provides terminal strips for interface 
connections 

Q Four maskable interrupts on positive 
or negative-going signals, or on any 
change of state 


□ Interfaces to a CIMBUS system via the 
Distributed I/O Bus (DIB) 

□ -40“C to +85“C or 0“C to 70"C 
(commercial version) operating 
temperature ranges 

□ microCMOS and CMOS technology 
provides high reliability 

□ Built solely with components burned in 
to A 4- levels 


Product Overview 

The CIM-311 and CIM-311C Power I/O DIB Boards 
are members of the SERIES/800™ line of CMOS In- 
dustrial Microcomputers (CIM) from National Semi- 
conductor Corporation. SERIES/800 is a complete 
family, including CPU, memory expansion, and digital 
and analog I/O boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution 
speeds of NMOS microprocessors with the power 
dissipation and environmental characteristics of 
CMOS, and executes the Z80 instruction set. The 


complete line is compatible with the CIMBUS, a doc- 
umented scheme for board interconnection (see the 
CIMBUS specification). The microCMOS technology 
employed, combined with the single-wide Eurocard 
form factor of the boards, makes the SERIES/800 
line appropriate for many applications in harsh envi- 
ronments, such as numeric machine control, pipeline 
monitoring and control, robotics, industrial instrumen- 
tation, and uninterruptable power supplies. 

The CIM-311 Power I/O DIB Board permits the in- 
stant addition of the popular models of solid state 
relay racks available from numerous vendors to a 
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CIMBUS system. It interfaces via the Distributed In- 
put/Output Bus, versus the CIMBUS, and therefore 
does not reside in a CIMBUS card cage (see Figure 
1). Instead, it mounts wherever it is convenient for 
the application, and does so in the same fashion as 
the solid state relay rack, via six threaded standoffs. 
The CiM-311C is identical to the CIM-311, with the 
only difference being its operating ternperature 
range (0°C to +70°C versus -40°C to +85°C). The 
Distributed Input/Output Bus (DIB) is detailed in the 
DIB Specification and CIM-230 DIB Board Hardware 
Reference Manual (#420306595-001). 

The ability to easily add solid state relays (SSRs) is 
important to an industrial-oriented microprocessor- 
based system. These devices provide an isolated, 
and highly reliable interface to the real world. Gener- 
ally, the SSRs are available in various ratings for AC 
input, AC output, DC input, and DC output. Industrial- 
type barrier strips are provided on the SSR racks for 
connection to the devices to be monitored or con- 
trolled. 

In addition, the CIM-311 can generate up to four 
maskable interrupts on positive-going signals, nega- 
tive-going signals, or any change of state from the 
SSRs. The board measures 6.6 in x 14.0 in (167 mm 
X 356 mm). 

Functional Description 

The CIM-311 Power I/O DIB Board is made up of 
six functional blocks: . 

• DIB interface 

• Address decode and buffer 

• I/O control logic 

• Data buffers 

• Interrupt logic 

• I/O interface 

DIB Interface > 

The interface to the Distributed I/O Bus (DIB) is via 
a 60-pin locking header. This is a high-density con- 
nection that is resistant to vibration and corrosion. 
This connector allows for convenient mass termina- 
tion without cable dressing, allowing easy implemen- 


tation of the DIB mutlidrop feature. The connector is 
keyed to prevent incorrect insertion. 

Address Decode and Buffer 

The CIM-311 can be set for any address on a four- 
byte boundary within the 256 CIMBUS I/O port 
range with onboard jumpers. Each address which 
falls within the selected range represents both an 8- 
bit input port and an 8-bit output port, with' the actual 
direction determined by the I/O control logic. 

I/O Control Logic 

The I/O control logic receives the specific address 
from the address logic, if it falls within the selected 
range, and then provides activation strobes and/or 
logic levels to select the required function on the 
CIM-311 board. This circuitry determines whether 
the required function is input or output, and which of 
the onboard resources are involved (I/O, interrupts, 
or power/processor fail). 

Data Buffer 

The data buffer consists primarily of bidirectional 
transceivers. Data direction and input/output clock- 
ing is controlled by the I/O control logic. 

Interrupt Logic 

The interrupt logic provides for four optional inter- 
rupts from one input port. As selected by user-in- 
stalled jumpers, any or all of input lines 0, 1, 2, or 3 
(each port has eight lines) of port 0 (each board has 
four input/output ports) can generate interrupts. The 
user can also select whether the interrupt is gener- 
ated on a positive-going signal, a negative-going sig- 
nal, or any change of state. 

If masks are desired for these interrupts, bits 4, 5, 6, 
and 7 of output port 3 are utilized. This reduces the 
number of possible output lines by four. 

The interrupts can be connected to any of the eight 
CIMBUS interrupts via the DIB through the CIM-230 
DIB Interface Board. 

Interface Drivers And Receivers 

On-board buffers/latches and level translation logic 

provide the interface to the SSR racks. 



FIGURE 1. Example of a CIMBUS system utilizing 32 solid state relay Inputs and 32 
outputs. Both the input rack and the output rack connect to the CIM-311, which, in turn. 
Interfaces to a CIMBUS system via the DIB. 
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CPU Interface 

Each ClM-311 (there can be up to 64 on the DIB) 
has four unique I/O addresses, as set by user-se- 
lected jumper placement. Each address represents 
both eight input lines and eight output lines, or two 
I/O ports. The interface for the CPU is as if the I/O 
ports are located on the CPU board, due to the 
CIM-230 DIB Interface Board providing the transla- 
tion between the CIMBUS and the DIB. A single 
NSC800 I/O instruction is all that is required to drive 
or access any port. 

Output Operations 

Each time the CPU executes an output instruction 
for a CIM-311, the value of every bit in the data 
byte must first be formulated. If a bit is set (logical 
“1”), the corresponding SSR is energized, or re- 
mains energized. If a bit is reset (logical “0”), the 
corresponding SSR is deenergized, or remains deen- 
ergized. 

if the CPU board in the CIMBUS system should fail 
or hang up for any reason, the CIM-230 DIB Inter- 
face Board will assert the FAIL/ signal. This forces 
all ClM-311 outputs to a deenergized state. 

Input Operations 

For input operations, the meaning for each bit is re- 
versed. The CPU executes an input instruction with 
the desired port address. If a bit in the received data 
byte is reset, the SSR is energized; if it is set, the 
SSR is not energized. 

The device providing the excitation to the SSR will 
dictate whether one read of the port values is ade- 
quate to determine the intended state of the inter- 
face. Some devices generate “contact bounce” for 
a longer period of time than the typical SSR can fil- 
ter out (values of 5 to 20 milliseconds of debounce 
are generally provided). This may require several it- 
erations of reading the port and scanning the bit val- 
ues. 

Specifications 

Ports 4 input ports and 4 output ports 

Lines per Port 8 

input 

Characteristics Logical 1 = SVqc ± 5% 

Logical 0 = OVdc. 5 mA sink 
min. required from SSR 

Output 

Characteristics Logical 1 = 5 to 24 Vdc 

Logical 0 = OVdc. 80 sink 
supplied to SSR 

Address 

Selection Any 4-byte boundary in 256 

Interrupts 

Number 

Available — 4 (input port 0, lines 0, 1, 2, 3) 

Masks — Available for each interrupt 

(output port 3, bits 4, 5, 6, 7) 


Generation 

Condition — Postive-going input, negative- 

going input, or any change in 
state (user-selectable) 

Compatible 

SSR Racks > 

Configurations — 8, 16, 24, and 32 input/output 

lines 

Recommended 

Vendor — Opto 22 PBXXY 

(XX varies with the number of 
lines, Y varies with the configu- 
ration; ie. PB24 provides 24 
lines with single-density mod- 
ules, PB24Q provides 24 lines 
with quad-density modules) 

Potential 

Second Sources — Crydom MS-XXY 

Gordos Arkansas PB-XX 

Potter & Brumfield 2IO-XX 

Preferred Electronics MSXX 

(XX varies with the number of 
lines, Y varies with the 
configuration) 

(Contact manufacturer directly) 

Mounting 

Provisions — 6 1-inch threaded standoffs (6- 

32 screws) 

Connectors 

DIB — 60-pin locking header 

Recommended mating 
corinector; 

3M 3334-6060 

Amp 1-499662-1 
(Connector provided) 

SSR Rack 

Interface — 50-contact, double sided, edge 

connector 

Recommended mating 
connector: 

3M 3415-0001 

Amp 2-86792-3 

Power — +5 Vdc ±5%, 30 mA (supplied 

via the DIB) 

(Power for the SSRs must be 
supplied to each rack) 

Environmental 

Temperature — ClM-311: -40°Cto -t-85°C 

(-40°Fto-M85°F) 
C1M-311C: 0°C to +70°C 
(+32°Fto+158T) 

Humidity — 0 to 90%, noncondensing 

Physical 

Length: 14.00 in. (356 mm) 
Width: 6.59 in. (167 mm) 
Height: 2.13 in. ( 54 mm) 
Weight: 19.8 oz. (562 gm) 
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Order Information 

CIM-311 Power I/O DIB Board 

CIM-311C 0°C to +70°C (commercial 

version) 

Documentation 

CIM-311M CIM-311 and CIM-311C Power 

I/O DIB Board Hardware 
Reference Manual 
(#420306601-001) 

CIM-230M Distributed I/O Bus (DIB) and 

CIM-230 DIB Interface Board 
Hardware Reference Manual 
(#420306595-001) 


32 32 

INPUTS OUTPUTS 



FIGURE 2. CIM-311 Power I/O DIB Board Block Diagram TLT5112 
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^ National Semiconductor 


CiiVi™-411 and CasVi-4i1C 

Analog Input Boards 


x: 

microCMOS 



° 32 single-ended, 16 differential, or 8 
differential and 16 single-ended channels 
•3 CPU program scan control: interrupt, hold, 
poll, or hold and poll 
^ Continuously adjustable input ranges 
between 1 to 2 and 10 to 20, or 4 mA to 
20 mA current loop 
° 12-bit resolution 
^ 50 /iS conversion time 


° microCMOS technology gives high 
reliability at low power consumption 

° -40‘’C to +85‘‘C or 0 to +70®C 
(commercial version) operating 
temperature ranges 

° CIMBUS'”-compatible with SERIES/800™ 
line 

Small (100 mm X 160 mm) single-wide 
Eurocard form fits CIM-602/604 card cages 
° Built solely with components burned in to 
A+ levels 


Product Overview 

The CIM-411 and C1M-411C Analog-To-Digital Con- 
verter Boards are members of the SERIES/800 line 
of CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 
is a complete family, including CPU, memory ex- 
pansion, and digital and analog I/O boards. Also in- 
cluded is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS tech- 
nology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 


SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- 
trol, pipeline monitoring and control, robptics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 


The CIM-411 A/D board provides analog-to-digital in- 
put for a SERIES/800 system. Under program control, 
it will bring 12 bits of converted analog data into the 
system in an interrupt, hold, poll, or hold and poll 
mode. The CIM-411 is'capable of receiving 32 single- 
ended inputs, 16 differential inputs, or a combination 
of 8 differential and 16 single-ended inputs. Conver- 
sion time is 50 ns with a full-scale input sensitivity 
selectable in two ranges, ±0.5V to ±0.7V or ±5.0V 
to ± 7.0V differential, or 0.5V to 0.7V or 5.0V to 7.0V 
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single-ended; 4mA to 20mA current loop inputs are 
also supplied. Gain is continuously adjustable from 
XI to X2 or X10 to X20. The CIM-411C is identical to 
the CIM-411, with the only difference being the oper- 
ating temperature range (0 to -f 70°C versus -40°C 
to -t-85°C). 

The CIM-411 shares the small 100 mm x 160 mm 
(3.9" X 6.3") single-wide Eurocard form factor with the 
rest of the SERiES/800 line and fits the CIM-602/604 
card cages. It is completely CIMBUS-compatible 
through a pin-in-socket DIN 41612 connector, which 
provides an added element of mechanical and elec- 
trical reliability by eliminating the usual card-edge 
connector. See the CIMBUS System Bus Specifica- 
tion (#420306681-001) for a description of the 
CIMBUS. The CIM-610 Voltage Regulator Board, if 
used, provides the ±15 Vdc power for the A/D 
converter. 

Functional Description 

Input Capacity 

The CIM-411 supports up to 32 single-ended inputs, 
16 differential inputs, or 8 differential and 16 single- 
ended inputs. The single-ended inputs can be config- 
ured for inverting or non-inverting inputs. Via user-in- 
stalled resistors, the board can also be configured to 
convert up to 16 current loop inputs. 

Gain 

Two gain ranges (1 to2, 10to20) forall input channels 
can be selected by jumpers. The specific gain de- 
sired within that range is set by a potentiometer. The 
input ranges allowed for each gain are tabulated 
below. 


Gain 

Single-Ended 

Differential 

1 

OV to 10V 

- 7V to 7V 

2 

OV to 5V 

- 5V to - 1 - 5V 

10 

OV to 0.7V 

-0.7V to -H0.7V 

20 

OV to 0.5V 

-0.5V to -(-0,5V 


Resolution 


Full 12-bit resolution is accomplished by a succes- 
sive approximation analog-to-digital converter. For 
bipolar operation (differential input), 11 bits plus a 
sign bit are provided. 

Accuracy 

High quality components are used to achieve 12-bit 
resolution with an accuracy of ± 1/2 LSB at 25°C. Off- 
set and gain are adjustable for calibration at any 
fixed temperature between -40°Cand -f85‘’C. 

Speed 

The A/D conversion speed is 50 fis per channel 
(typical), including sample-and-hold, settling times. 


and programming interface. This provides 20,000 
samples per second. 

Operational Description 

The CIMBUS microcomputer board communicates 
with the CIM-411 AID board through four I/O ports. 
Port addresses are I/O-mapped (jumper selectable), 
and writing channel selection code to port 3 con- 
nects the desired analog channel to the amplifier. 
One bit of the channel selection code word is re- 
served to start the conversion timing chain. 


Port 3 Format 


7 

6 

5 

4 

3 


1 

0 

Start 

Bit 

X 

X 

- 

- Chan 

nel Nur 

Tiber — 

- 


X = don’t care 


The separate start conversion bit allows channel 
selection and amplification to begin independently 
of the start of conversion. The start conversion bit 
can also be used to put the CPU in hold mode during 
the conversion process. A hardware time delay is in- 
itiated before the follow-and-hold circuit is activated 
to allow channel selection and amplifier settling 
time. A second hardware timer delay allows the fol- 
low-and-hold circuit to settle. The A/D converter then 
begins its successive approximation conversion 
process. 

An end of conversion signal from the AID converter 
latches the digital data from the conversion. The end 
of conversion signal can also be used to bring the 
CPU out of hold mode, to generate an interrupt if Hold 
mode was not selected, or to generate a status byte 
that the CPU can poll to identify when valid data is 
available. The status byte and latched digital data 
can then be read from ports 1 (status and four most 
significant data bits) and 2 (least significant data 
byte). A subsequent read to port 0 clears the latched 
data and status byte so that the next conversion 
can begin. Clearing the data in ports 1 and 2 is not 
necessary as this data is updated after each conver- 
sion. 

Port 1 Format 


7 

6 

5 

4 

3 

2 

1 

0 





Data 

11 

(MSB) 

Data 

10 

Data 

9 

Data 

8 





Port 2 Format 


7 

6 

5 

4 

3 

2 

1 

0 

Data 

7 

Data 

6 

Data 

5 

Data 

4 

Data 

3 

Data 

2 

Data 

1 

Data 

0 

(LSB) 
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Specifications 

Analog Input 

Scan Mode— Under CIMBUS CPU program 
control: interrupt, hold, or hold 
and poll 

Channels— 32 single-ended, 16 differential, or 

8 differential and 16 single-ended 

Digital 

Resolution— 12 bits ' 

Full-Scale 

Voltage Range— 0.5V to 0.7V or 5.0V to 10.0V single- 
ended, ± 0.5V to ± 0.7V or ±5.0V 
to ±7.0V differential (based on 
amplifier gain) 

Current. Range— 4 mA to 20 mA (via user-installed 
2500 resistors) 

Gain— Continuously adjustable from XI 

to X2 or X10 to X20; range is 
jumper-selectable 

Sample and 

Hold— Yes; hold settling time = 5 /iS 

Throughput 

Rate— Up to 20,000 conversions/second 

Conversion 

Speed— 50 ns typical (including sample- 

and-hold, settling times, and 
programming interfaces) 

Calibration 

Accuracy— Adjustable to ±V 2 LSB 
Operating 

Accuracy— 0.1% full-scale range 
Tempco — [15 + (50)(Reading) -t--Q^^];iV/°C 

(Referenced to temperature at 
calibration) 

CMRR— 48db minimum 

>80db typical 

(at up to ±10V common mode 
voltage) 

Input 

Impedance— 1 MO single-ended or differential 
Input Current— 10 mA at ± 7V input 
Overvoltage 

Protect— ± 15V maximum on analog inputs 

Monotonicity— Guaranteed over the operating 
temperature range 


Digital Output 

8 bits of port 2 (LSB), 4 lower bits of port 1 (MSB), 4 

upper bits of port 1 (conversion status) 

Connectors 

Analog Input— 50-pin locking header 

Recommended mating connector: 
3M 3425-6050 

CIMBUS— Pin-in-socket DIN 41612 

Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Power -f 5 Vdc @ 125 mA 

+ 15 Vdc @ 45 mA 
— 15 Vdc ® 45 mA 

Environmental Temperature: 

ClM-411: -40°Cto+85°C 

(-40°Fto +185°F) 
C1M-411C: Oto +70°C 

(+32°Fto +158°F) 
Humidity: Oto 90% 

noncondensing 

Physical Length: 6.30 in. (160 mm) 

Width: 3.94 in. (100 mm) 

Height: 0.73 in. (18.5 mm) 

Weight: 1.5 oz. (41 gm) 


Order Information 

ClM-411 Analog Input Board 

CIM-411C 0 to +70°C (commercial) 

version 

Documentation 

CIM-411M ClM-411 and C1M-411C Analog 

Input Boards Hardware 
Reference Manual 
(#420306590-001) 

CiMBUSM CIMBUS System Bus 

Specification 
(#420306681-001) 
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ANALOG INPUT 
CHANNELS 





FIGURE 1. CIM-411 Analog Input Board Block Diagram 
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^ National Semiconductor 

CIM™-421 and CIM-421C 
Analog Output Boards 



microCMOS 



° Two output channels 
° 12-bit resolution 
° Voltage or current-mode outputs 
— OVto +10V 

10V to + 10V 

—4 mA to 20 mA current loop 
° microCMOS technology gives high 
reliability at low power consumption 


■ -40°Cto -t-BS^CorOto +70°C (commer- 
cial version) operating temperature ranges 

■ CIMBUS^'^-compatible with SERIES/SOO"'' 
line 

■ Small (100 mm x 160 mm) single-wide 
Eurocard form fits CIM-602/604 card 
cages 

■ Built solely with components burned in to 
A+ levels 


Product Overview 

The CIM-421 and CIM-421C Analog Output Boards 
are members of the SERIES/800 line of CMOS 
Industrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 is a com- 
plete family, including CPU, memory expansion, 
and digital and analog I/O boards. Also included is 
a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatibie with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many appiications in 
harsh environments, such as numeric machine con- 
trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
suppiies. 


The CIM-421 analog output board provides the capa- 
bility for digital-to-analog output from a CIMBUS 
system. Under program control of the CIMBUS micro- 
computer board, it will convert 12 bits of digital data 
to an analog signal of OV to -f 10V, - 10V to + 10V, or 
4 mA to 20 mA on either of two available output chan- 
nels. The CIM-421C is identical to the CIM-421 , with 
the only difference being the operating temperature 
range (0 to -i-70°C versus -40°C to +85°C). 

The CIM-421 shares the small 100 mm x 160 mm 
(3.9" X 6.3") single-wide Eurocard form factor with the 
rest of the SERIES/800 line and fits the CIM-602/604 
card cages. It is completely CIMBUS compatible 
through pin-in-socket DIN 41612 connectors, which 
provide an added element of mechanical and elec- 
trical reliability by eliminating the usual card-edge 
connector. See the CIMBUS System Bus Specifica- 
tion (#420206681-001) for a description of the 
CIMBUS. The CIM-610 voltage regulator board 
supplies the -fSV and ±15 Vdc power for the D/A 
converter. 
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Functional Description 

The CIM-421 analog output board receives 12-bit 
data words and converts them to an analog output 
that can be directed to either of two output channels. 
The analog output can be unipolar (OV to -t-IOV) or 
bipolar (- 10V to +10V), with the mode of operation 
determined by on-board jumpers. The output voltage 
may also be converted to a 4 mA to 20 mA current 
loop as a jumper-selectable option. The base ad- 
dress for the CIM-421 (factory-set at DOH) is estab- 
lished by jumper connections and may be on any 
4-byte boundary in the range from OOH to FCH. 

The operation of the CIM-421 may be considered in 
six major functional units: 

• Base address seiect - 

• Digital-to-analog converter (DAC) select 

• Data bus buffer 

• Digital-to-analog converters 

• DAC voltage amplifier 

• DAC current output 

The base address select circuitry decodes the six 
most significant bits of the CIMBUS address to deter- 
mine whether the CIM-421 is being addressed. If it is, 
the base address circuitry also enables the DAC se- 
lect, data bus buffer, and write pulse to the DAC. 


When a valid address is present on the CIMBUS, the 
DAC select circuitry enables one of the two DACs for 
operation according to the addressing scheme 
shown below. 


Address 

Control 

Bit = 0 

Control 

Bit = 1 

DAC 

Updated 

Base-f 0 

Load MS 4 Bits and 
Control Bit 

No 

Base-f 1 

Load 12 Bits 
into DAC 1 

Load LS Byte 
into DAC 1 

Yes 

Base-f 2 

Load 12 Bits 
into DAC 2 

Load LS Byte 
into DAC 2 

Yes 


Base + 0 Format 


7 

6 

5 

4 

3 

2 

1 

0 

Control 

Bit 

X 

X 

X 

Data 

11 

(MSB) 

Data 

10 

Data 

9 

Data 

8 


X = don't care 


Base -H and Base -i-2 Format 


7 

6 

5 

4 

3 

2 

1 

0 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

7 

6 

5 

4 

3 

2 

1 

0 

(LSB) 


A full 12-bit write to either DAC is accomplished by 
first writing the most significant four bits (right 
justified) into Base-i-0 with the control bit OFF 
(logical 0). The lower eight bits are then written into 
either Base-f 1 or Base -i- 2 (depending upon which 
DAC is to be updated). Upon completion of this write, 
the full 12 bits will be written into the seiected DAC. If 
normal operation following this update involves only 
changing the least significant eight bits, a second 
write to Base-f 0 with the control bit ON (logical 1) 
will provide 12-bit updates after only a write to 
Base + 1 or Base -f 2. Each DAC has a 12-bit register 
which holds the data until new data is written by the 
CPU. 

The output from the DACs is a voltage from OV to 
2.5V. 

The output of the DAC is then input to a DAC voltage 
amplifier corresponding to the selected DAC. Here 
the DAC output is amplified by a factor of 4 for 
unipolar operation (analog output OV to -f 10V) or by a 
factor of 8 for bipolar operation (analog output - 10V 
to -flOV). 

If selected (unipolar operation only), the DAC current 
output circuitry will produce an analog output fronh 
4 mA to 20 mA. 
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Specifications 

Number of 
Channels— 2 

Channel 

Resolution— 12 bits including sign 
Slew Rate— 4V//ts 

Accuracy— 


Output Range 

Absolute Error 
@ 25°C 

Tempco 

OVto +10V 
-10V to +10V 
4 mA to 20 mA 

1 LSB 

2 LSB 

2 LSB 

0.003% Reading/°C 
0.006% Reading/°C 
0.008% Reading/°C 


Monotonicity— Guaranteed over operating 
temperature range 

Digital Input— Unipolar (binary): 0V = 000H; most 
positive voltage = FFFH 
Bipolar (offset binary): most 
negative voltage = OOOH; 

OV = 800H; most positive 
voltage = FFFH 

Voltage Output— OV to + 10V @ 5 mA; 

2.44 mV resolution 
- 10V to + 10V @ 5 mA; 

4.88 mV resolution 

Current Output— 4 mA to 20 mA; 3.9 fiA resolution 
Current Mode 

Supply Voltage— 10 Vqc (00 to 5000 load) 

30 Vdc (00 to 15000 load) 


Connectors 

CIMBUS— Pin-and-socket DIN 41612 

Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Analog Output— 8-pin, terminal housing 

Recommended mating connector: 
Molex 22-01-2087 
(Connectors provided) 

Power -f 5 Vdc± 5% @ 30 mA 

-f 15 Vdc± 5% @ 25 mA 
- 1 5 Vqq ± 5% @ 20 mA 

Environmental Temperature: 

CIM-421: -40°C to -f SO^C 

(-40°Fto -l-185°F) 
C1M-421C: Oto +70°C (-i-32°F 
to ■f158°F) 

Humidity: Oto 90% 

noncondensing 

Physical Length: 6.30 in. (160 mm) 

Width: 3.94 in'. (100 mm) 

Height: 0.5 in. (13 mm) 

Weight: 4.2 oz. (120 gm) 

Order Information 

CIM-421 Analog Output Board 

CIM-421C Oto -I- 70°C (commercial) 

version 

Documentation 

C1M-421M CIM-421 and CIM-421C 

Analog Output Boards 
Hardware Reference Manual 
(#420306638-001) 

CIMBUSM CIMBUS System Specification 

(#420306681-001) 
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ANALOG 

OUTPUT 



FIGURE 1. CIM-421 Analog Output Board Block Diagram 
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2 National Semiconductor 


PRELIMINARY 


microCMOS 

CIM™-510 and CliVl-510C 
Clock/Calendar Boards 


B Real-time clock 

— 10 milliseconds through month 
counters 

— 24-hour clock 

— 4-year calendar 

o Provisions for up to 32K x 8 battery- 
backed RAM 

a Put whole system and/or peripherals in 
POWER SAVE mode for a, or up to a, 
specified time 

□ Battery backup via CIMBUS BAT line or 
user-installed on-board battery 


Q Compare and compare/interval interrupts 

B CIMBUS^^-compatible with SERIES/SOO^” 
board line 

D Small 100mm x 160mm Eurocard form fits 
directly into CIM-602/604 card cages 

□ microCMOS technology gives high 
reliability with low-power consumption 

n -40“Cto -f 85®C or 0“C to -fZO^C (com- 
mercial version) operating temperature 
ranges 

□ Built solely with components burned in to 
A-f levels 


Product Overview 

The CIM-510 and CIM-510C Clock/Calendar Boards are 
members of the SERIES/800 line of CMOS Industrial 
Microcomputers (CIM) from National Semiconductor 
Corporation. SERIES/800 is a complete family, including 
CPU, memory expansion, and digital and analog I/O 
boards. Also included is a real-time multitasking 
operating system, BLMX-80C. The line uses the 
microCMOS NSC800™ microprocessor, which com- 
bines the benefits of the execution speeds of NMOS 
microprocessors with the power dissipation and en- 


vironmental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible 
with the CIMBUS, a documented scheme for board inter- 
connection (see the CIMBUS specification). The micro- 
CMOS technology, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERlES/800 line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial in- 
strumentation, and uninterruptable power supplies. 
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The CIM-510 Clock/Calendar Board provides real-time 
clock, battery-backed RAM, and POWER SAVE func- 
tions for a CIMBUS system. The real-time clock features 
are provided by a MM58167A, and include access to a 
24-hour clock with 10 millisecond resolution, and a four- 
year calendar. A 28-pin socket on the board will support 
byte-wide static RAMs ranging from 2Kx8 to 32Kx8. 
Battery backup for the RAM, and the other critical cir- 
cuitry on the CIM-510, is either provided by the BAT (bat- 
tery) line on the CIMBUS, or a user-installed on-board 
battery. The CIM-510 has the capability to assert the 
CIMBUS PWRS/(power save) signal, which puts all 
boards equipped with this feature in a standby mode. 
Power savings in this mode generally run from 55% to 
70%. The board can be programmed to release the sys- 


tem from this mode at a specified time, or after a 
specified length of time. An external override is also 
allowed. The CIM-510C is identical to the CIM-510, with 
the only difference being its operating temperature 
range (0°C to + 70°C, versus - 40°C to -i- SO^C). 

The CIM-510 shares the small 100 mm x 160 mm 
(3.9" X 6.3") single-wide ^urocard form factor with the 
rest of the SERIES/800 line and fits the CIM-602/604 card 
cages. It is completely CIMBUS-compatible through a 
pin-and-socket DIN 41612 connector, which provides an 
added element of mechanical and electrical reliability 
by eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) for 
a description of the CIMBUS. 
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^ National Semiconductor 


CIM™-602/604 



microCMOS 


CIMBUS'” Card Cages 



° Two versions 

CIM-602: 8 slots, 10.5 inches wide 
CIM-604: 18 slots, 19 inches wide 
° Backplane and power supply connectors 
Included 

° Prototyping slots included in CIM-604 
° Full access to active system components/ 
signals available with CIM-640 Extender 
Board 


■ Provisions for front or rear mounting 

■ NEMA enclosure and RETMA chassis- 
compatible 

■ -40°Cto +85®C(-40°Fto +185°F) 
operating temperature range 

■ CIMBUS-compatible with SERIES/800''' 
line 


Product Overview 

The ClM-602/604 card cages are members of the 
SERIES/800 line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, 
memory expansion, and digital and analog I/O 
boards. Also included is a real-time, multitasking 
operating system, BLMX-80C. The line uses the 
microCMOS NSC800™ microprocessor, which com- 
bines the benefits of the execution speeds of NMOS 
microprocessors with the power dissipation and en- 
vironmental characteristics of CMOS, and executes 
the Z80 instruction set. The complete line is compati- 
ble with the CIM BUS, a documented scheme for board 
interconnection (see the CIMBUS specification). The 
microCMOS technology employed, combined with 
the single-wide Eurocard form factor of the boards, 
makes the SERIES/800 line appropriate for many ap- 


plications in harsh environments, such as numeric 
machine control, pipeline monitoring and control, 
robotics, industrial instrumentation, and uninterrup- 
table power supplies. 


The CIM-602/604 card cages are the standard en- 
closures for SERIES/800 systems. The CIM-602 is 
10.5 in. (267 mm) wide and has 8 backplane slots; the 
CIM-604 is 19 in. (483 mm) wide and has 18 backplane 
slots. Both versions contain all the power and board 
connectors required by the CIMBUS specification, 
both are compatible with NEMA enclosures and 
RETMA cabinets, and both may be either front or rear 
mounted. When fully enclosed, both the CIM-602 
and CIM-604 provide a rigid, durable, environment- 
resistant enclosure for a SERIES/800 system. 
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Functional Description 


The CIM-602/604 card cages are constructed of ex- 
truded aluminum and are compatible with NEMA 
enclosures and RETMA rack-mounting, and may be 
eitherfront or rear mounted. Both provide connectors 
for interfaces to regulated or unregulated DC power, 
batteries, power distribution, and AC status sensing. 
All boards plug into the backplane via two-piece, pin- 
in-socket DIN 41612 connectors. The only difference 
between the Cliyi-602 and the CIM-604 is that the 
CIM-602 contains backplane slots for 8 CIMBUS 
boards while the CIM-604 can accommodate 18 
boards. 

All external connections to regulated/unregulated 
DC power, DC power distribution, AC status sensing. 


alarm relay output, external battery charging voltage, 
and an'external reset pushbutton are made through 
keyed, pin-in-socket connectors located on the back 
of the card cage backplane. 

Optionally available to support CIMBUS systems is 
the CIM-610 voltage regulator board. The PI connec- 
tor in the card cage is reserved for the CIM-610. The 
voltage regulator board supplies not only the -i- 5 Vdc 
and '±15 Vdc required by CIMBUS boards but also 
provides monitoring of the amplitude and frequency 
of the prime AC power, CPU RAM battery backup 
power, power-fail sensing circuitry, and support for 
an external battery in conjunction with the CIM-611 
battery charger board. 



FIGURE 1. CIIVI-602 Card Cage Dimensions [inches/(millimeters)] 





Specifications 


Bus Connectors 

CIMBUS— Pin-in-socket DIN 41612 

Recommended mating connectors: 


Vendor 

Male 

Female 

Winchester 

Elco 

Vero 

96 P-6033-0523-0 

008257-096-000-124 

17-2624C 

96S 6033-0531-2 

008257-096-649-124 

1 7-2876 D 


External 

Voltages— 3, 4 and 6 contact pin-in-socket 
connectors 

Recommended mating connectors: 
Molex 03-09-1 Oxx (xx different for 
each connector) 

(Mating connectors are provided 
with each card cage.) 


Environmental Temperature: -40°Cto -f-85°C 

(-40”Fto -r-185°F) 

Humidity: to 90% 

noncondensing 


Physical Height: 5.2 in. (132 mm) 

Width: 10.5in. (267 mm)CIM-602 
19.0 in. (483 mm) CIM-604 
Depth: 7.3 in. (186 mm) without 
rear 

mounting 

bracket 

9.4 in. (239 mm) with rear 
mounting 
^ . bracket 

Weight: 2.2 lb. (1.0 kg) CIM-602 
3.7 lb. (1.7 kg) CIM-604 

Order Information 

CIM-602 CIM-602 CIMBUS card cage 

(8 backplane slots) 

CIM-604 CIM-604 CIMBUS card cage 

(18 backplane slots) 

Documentation 

CIM-602M CIM-602/604 CIMBUS Card Cage 

Hardware Reference Manual 
(#420306640-001) 

CIMBUSM CIMBUS System Bus Specification 

(#420306681-001) 
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^ National Semiconductor 

C1M™-610 and C1M-610C 
Voltage Regulator Boards 



microCMOS 



o Supplies +5, +15, and -15 Vdc to 
Cl MB US™ interface 

m Accepts unregulated DC input from 
10.5 to 17.0 volts 

Q Detects both AC and DC power failures 

Q Provides RAM backup power from on- 
board lithium battery 

□ Self-protects against overloads, trans- 
ients, and shorts 

□ Provides connectors for direct mount- 
ing of CIM-611 Battery Charger Board 


^ microCMOS technology gives high 
reliability at low power consumption 

m -40°C to +85°C or 0 to +70°C (commer- 
cial version) operating temperature ranges 

B CIMBUS-compatible with SERIES/800™ 
line 

B Small (100mm x 160mm) single-wide 
Eurocard form fits CIM-602/604 card 
cages 

□ Built solely with components burned in 
to A+ levels 


Product Overview 

The Cl M-610 and CIM-610C Voltage Regulator Boards 
are members of the SERIES/800 line of CMOS In- 
dustrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 is a com- 
plete family, including CPU, memory expansion, and 
digital and analog I/O boards. Also included is a real- 
time, multitasking operating system, BLMX-80C. The 
iine uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution speeds 
of NMOS microprocessors with the power dissipation 
and environmentai characteristics of CMOS, and ex- 
ecutes the Z80 instruction set. The compiete line is 
compatible with the CIMBUS, a documented scheme 


for board interconnection (see the CIMBUS specifica- 
tion). The microCMOS technoiogy empioyed, combin- 
ed with the singie-wide Eurocard form factor of the 
boards, makes the SERIES/800 line appropriate for 
many appiications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
uninterruptable powersupplies. 

The CIM-610 Voltage Regulator Board, operating on 
power input from either a system battery or an 
unregulated DC source in the range from 10.5 to 17.0 
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volts, supplies +5, +15, and -15Vdc to a SERIES/ 
800 system through the CIMBUS interface. It is en- 
tirely self-protected from overloads, transients, or 
short circuits, and contains both AC and DC power 
failure detection circuitry. In the event of power 
failure, the system automatically inhibits any trans- 
actions with RAM untii the +5Vdc power supply is 
backed up and stable. The CIM-800 CPU Board RAM 
backup voltage during power failure is provided from 
an on-board lithium battery. Other elements of the 
power failure circuitry allow the user to select emer- 
gency options such as sounding an alarm, interrupt- 
ing the CPU, or switching other boards in the 
CIMBUS system to the Power Save mode. The 
CIM-610C is identical to the CIM-610, with the only 
difference being the operating temperature range (0 
to +70°C versus -40°Cto +85°C). 

Connectors are provided so that the CIM-611 
Battery Charger Board may be mounted directly on 
the CIM-610 Voltage Regulator Board. The CIM-611 
serves the function of keeping an external system 
battery fully charged. The CIM-610 and CIM-611 
used together provide a virtually uninterruptable 
power source for a CIMBUS system. 

The CIM-610 shares the small 100mm x 160mm 
(3.9" X 6.3") single-wide Eurocard form factor with 
the rest of the SERIES/800 line and fitsthe CIM-602/ 
604 card cages. It is completely CIMBUS compati- 
ble through a pin-in-socket DIN 41612 connector 
which provides an added element of mechanical 
and electrical reliability by eliminating the usual 
card-edge connector. See the CIMBUS System Bus 
Specification (#420306681-001) for a description of 
the CIMBUS and the CIM-610/611 Hardware Refer- 
ence Manual (#420306590-001) for complete des- 
criptions of the CIM-610 Voltage Regulator Board 
and the CIM-611 Battery Charger Board. 

Functional Description 

The voltage regulator portion of the CIM-610 
Voltage Regulator Board receives power from 
sources external to the CIMBUS system, either an 
unregulated DC source in the range from 10.5 to 17.0 
volts or a system battery in the event of a power fail- 
ure. The externally supplied voltage is converted to 
+5, +15, and -15Vdc and distributed to the system 
via the CIMBUS. Diodes in the power source and 
battery lines select whichever source is registering 


the higher voltage. Normally, the DC power source 
is selected; if the supply voltage drops or fails 
entirely, the system battery takes over. A fuse, 
transient suppressor, and capacitor in the power 
input lines to the voltage regulator protect it from 
voltage spikes and current overloads. 

The CIM-610 contains power failure detect circuitry 
for both AC and DC sources. Line voltage of either 
IIOVrms at 60 Hz of 220Vrms at 50 Hz is stepped 
down to 12Vrms by a user-supplied external fila- 
ment transformer and input to the power failure cir- 
cuit. If the sampled AC voltage drops below 8.5 Vrms 
( i.e., 85 Vrms or 170 Vrms) or the AC frequency drops 
below 45Hz, the CIM-610 declares an AC power 
failure. The DC power failure circuit monitors the 
+5Vdc output from the voltage regulator. A DC 
voltage below 4.8V is considered a power failure. 

The actions taken by the CIM-610 in the event of a 
power failure are jumper-selectable by the user. 
Available options are generation of a CIMBUS power 
fail signal, which can be used to trigger the CPU to 
reset all system outputs and put important data into 
battery-backed RAM; generation of a CIMBUS power 
save signal, which will place other elements on the 
CIMBUS in power save mode; triggering of an exter- 
nal alarm; or some combination of any of these 
actions. 

The CIM-610 also contains a RAM backup circuit 
that is activated by a power failure. An on-board 
lithium battery will supply 0.6 Amp-hour of current 
with less than 0.5mA drawing current. This will 
support the RAM on the CIM-800 CPU board during 
the power down time. 

The CIM-610 uses the standard CIMBUS form factor 
(100mm X 160mm), and can therefore be plugged 
directly into a CIM-602/CIM-604 card cage. The PI 
connector/slot in these card cages is reserved for 
this purpose. 

The CIM-611 Battery Charger Board, if installed on 
the CIM-610 (see Figure 1), monitors the external 
battery voltage and supplies charging current to the 
external battery at a rate appropriate to its state of 
discharge. 
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Specifications 

DC Power Input 

Voltage — 

+10.5 to 17.0 Vdc 

Current (max.) — 

2.0Amp steady state 

Startup 
transient — 

12.0Amp for 20ius (full load) 

Isolation — 

1500Vdc galvanic isolation 
between input and output 

External (System) Battery 

Voltage — 

+10.5to 17.0 Vdc 

Current (max.) — 

2.0Amp steady state 

Startup 
transient — 

12.0Amp for 20/.<s (full load) 

Charge rate — 

0.3Amp fast charge; 20mA 
trickle charge 

Recommended 


source — 

Gates Energy Products, Inc. 
12 Vdc Sealed Lead Acid 

Battery 

Model No. 0800-0008GG 

RAM (On-Board) Backup 

Type — 

Nonrechargeable lithium 

Voltage — 

+2.8 Vdc 

Maximum Con- 
tinuous Current — 

0.5mA 

Capacity — 

0.6Amp-hour at -40°C to +25®C 
0.4Amp-hour at +85°C 

Shelf Life — 

10 years 

AC Power Input 

Voltage — 

8.5 to 13.0 Vrms 

Frequency- 

45-60 Hz 

Recommended 
filament 
transformer — 

Stancor P-8683 (60 Hz) 

External Alarm Interface 

Open Circuit 
Voltage — 

24Vdc maximum 

Current Sinking — 

200mA maximum 


DC Power Output 

+5Vdc 

+15Vdc 

-15Vdc 

Tolerance (Steady 
State) 

±200 mV 

±200 mV 

±200mV 

Ripple (RMS) 

Current 

15mV 

2mV 

2 mV 

(-20°C to +70°C) 
(-40°C to -20°C 

1.50A 

200 mA 

200 mA 

and 




+70°C to +85°C) 

0.75A 

100mA 

100mA 

Connectors 




CIMBUS — 

Pin-and-socket DIN 41612 
Recommended mating 


connectors; 



Winchester: 96P-6033-0523-0 
Elco; 008257-096-000-124 

Environmental 

Temperature: 



CIM-610: 

-40°C to +85°C 



(-40°Fto +185°F) 


CIM-610C: 

Oto +70°C 
( + 32°Fto +158°F) 


Humidity: 

0 to 90% 




noncondensing 

Physical 

Length 

6.30 in. 

(160 mm) 


Width 

3.94 in. 

(100 mm) 


Height 

1.97 in. 

(50 mm) 


Weight 

4.3 oz. 

(121 gm) 


Order Information 

CIM-610 Voltage Regulator Board 

CIM-610C Oto h-TO^C, ( commercial) 

version 

Documentation 

CIM-610M CIM-610 and CIM-610C 

Voltage Regulator Boards 
CIM-611 and CIM-611C Battery 
Charger Boards 
Hardware Reference Manual 
(#420306590-001) 

CIMBUSM CIMBUS System Specification 

(#420306681-001) 
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^ National Semiconductor 


CIM™-611 and CIM-611C 
Battery Charger Boards 



V 

microCMOS 


■ Mounts directly on CIM-610 Voltage 
Regulator Board 

n Automatically adjusts charge current 
to state of battery discharge 

■ Two charge rates — trickle and “fast” 


B Temperature compensated charge rate 
across temperature range 

□ -40®Cto +85®Cor0to +70®C (commer- 
cial version) operating temperature ranges 

B Built solely with components burned in 
to A+ levels 


Product Overview 

The CIM-611 and CIM-611C Battery Charger Boards 
are members of the SERIES/800^'^ line of CMOS 
Industrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 Is a com- 
plete family, Including CPU, memory expansion, 
and digital and analog I/O boards. Also included 
is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS tech- 
nology employed, combiried with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- 
trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 


The CIM-611 Battery Charger Board mounts directly 
on the CIM-610 Voltage Regulator Board and re- 
quires only a single +24Vdc power supply. It 
monitors the state of discharge of the external sys- 
tem battery and automatically provides a fast or 
trickle charge as required. The use of the CIM-611 
and an external battery in conjunction with the 
CIM-610 Voltage Regulator Board creates an effec- 
tively uninterruptable system power supply. The 
CIM-611C is identical to the CIM-611, with the only 
difference being the operating temperature range (0 
to +70°C versus -40°C to +85°C). See the CIM-610/ 
611 Hardware Reference Manual (#420306590-001) 
for a complete description of the CIM-610 Voltage 
Regulator Board and CIM-611 Battery Charger 
Board. 

Functional Description 

The CIM-611 Battery Charger Board mounts directly 
on the CIM-610 Voltage Regulator Board, and all 
connections to the CIM-611 are made through the 
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CIM-610. The CIM-611 charges the external system 
battery, automatically adjusting the charge current 
according to the battery’s state of discharge. 

An external +24 Vdc power supply provides the 
charging current for the CIM-611. The CIM-611 con- 
stantly monitors the battery voltage and compares 
it to a +15 Vdc reference generated by the CIM-610. 
If the battery voltage is greater than 14.8 V, the bat- 
tery is Considered to be charged, and only trickle 
charge current flows. If the battery voltage drops 
below 13.8 V, the charge rate switches to fast and re- 
mains in that condition until the battery voltage 
again reaches 14.8V. 

Fast charge current as established during manu- 
facture is 0.3 Amps; however, the user can increase 


the fast charge rate to 1.0 Amps by adding a “fast 
charge” resistor in parallel with a series resistor in 
the +24 Vdc input line. 

The CIM-611 is factory-set to switch to fast charge 
at a battery output voltage of 13.8 Vdc at 25°C, and 
back to trickle charge at 14.8 Vdc at 25°C. On-board 
potentiometers allow the user to alter these adjust- 
ments if necessary. As the temperature changes, 
on-board temperature compensation circuitry 
automatically adjusts these trip points at a 
18mV/°C rate (increasing temperatures lower the 
trip points). 

The CIM-611 accommodates batteries with a volt- 
age range of 10.5 to 14.8V and the ability to accept 
charge current at the rate of 0.3 Amps. 



FIGURE 1. CIM-611 Battery Charger Board Installed on the CIM-^0 Voltage Regulator Board. 
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Specifications 
External Battery 

Voltage — 

+10.5to 17.0 Vdc 

Current (max.) — 

2.0Amp steady state 

Startup 
transient — 

12.0Amp for 2.0/.(S (full load) 

Charge rate — 

0.3Amp fast charge; 20mA 
trickle charge 

Recommended 


source — 

Gates Energy Products, Inc. 
12 Vdc Sealed Lead Acid 
Battery 

Model No. 0800-0008GG 

+24 Vdc Input 

Voltage range — 

23.0 to 28.0 V 

Current (max.) — 

0.3Amp without “fast charge’ 
resistor 

I.OAmp with “fast charge” 
resistor 

Battery Charging Output 

Voltage range — 

+10.5 to +14.8V 

Current (max.) — 

0.3Amp without “fast charge” 
resistor 


I.OAmp with “fast charge” 
resistor 

Trip Points — 

Trickle to fast at 13.8 Vdc at 
25°C 


Fast to trickle at 14.8 Vdc at 
25°C 

(User adjustable) 

Temperature 
Compensation — 

-18mV/°C 


Environmental 


Physical 


Temperature: 

CIM-611: -40°Cto+85°C 

(-40°Fto +185°F) 
C1M-611C: Oto +70°C 

(+32°Fto +158°F) 
Humidity: 0 to 90% 

noncondensing 

Length 3.25 in. (83 mm) 

Width 3.66 in. (93 mm) 

Height 1.19 in. (30 mm) 

Weight 0.5 oz. (13 gm) 


Order Information 

ClM-611 Battery Charger Board 

CIM-611C 0 to +70°C (commerciai) 

version 

Documentation 

CIM-610M CIM-610and CIM-610C 

Voltage Regulator Boards 
CIM-611 and C1M-611C Battery 
Charger Boards 
Hardware Reference Manual 
(#420306590-001) 


CIMBUSM 


CIMBUS System Specification 
(#420306681-001) 
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^ National Semiconductor 

CIM™-612 and CIM-612C 
Voltage Regulator Boards 




microCMOS 


■ Supplies +5, +15, and -15 Vdc to 
CIMBUS™ interface 

■ Accepts unregulated DC input from 5.5 
to 8.0 V 

B Detects DC power failures 

B Provides RAM backup power from on- 
board lithium battery 

B Seif-protects against overloads, 
transients, and shorts 

B microCMOS technoiogy gives high 
reliability at iow power consumption 


B -40®C to +85®C or 0 to +70°C (commer- 
cial version) operating temperature 
ranges 

B CIMBUS compatibie with SERIES/800™ 
line 

B Small (100mm x 160mm) single-wide 
Eurocard form fits CIM-602/604 card 
cages 

B Built solely with components burned in 
to A+ levels 


Product Overview 

The CIM-612 and CIM-612C Voltage Regulator 
Boards are members of the SERIES/800 line of 
CMOS Industrial ^ crocomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 
is a complete family, including CPU, memory ex- 
pansion, and digital and analog I/O boards. Also in- 
cluded is a real-time, multitasking operating sys- 
tem, BLMX-80C. The line uses the microCMOS 
NSC800™ microprocessor, which combines the 
benefits of the execution speeds of NMOS micro- 
processors with the power dissipation and environ- 
mental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible 


with the CIMBUS, a documented scheme for board 
interconnection (see the CiMBUS specification). 
The microCMOS technology employed, combined 
with the single-wide Eurocard form factor of the 
boards, makes the SERIES/800 line appropriate for 
many appiications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
uninterruptable powersupplies. 

The CIM-612 Voltage Regulator Board, operating on 
power input from an unregulated DC source in the 
range from 5.5 to 8.0 V, supplies -f-5, -H5, and-15VDc 
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to a SERIES/800 system through the CIMBUS inter- 
face. It is entirely self-protected from overloads, tran- 
sients, or short circuits, and contains DC power fail- 
ure detection circuitry. In the event of power failure, 
the system automatically inhibits any transactions 
with RAM until the +5 Vdc power supply is backed up 
and stable. The CIM-800 CPU Board RAM backup 
voltage during power failure is provided from an on- 
board lithium battery. 

The CIM-612C is identical to the CIM-612, with the 
only difference being the operating temperature 
range (0 to -t-70°C, versus -40°C to +85°C). Both share 
the small 100mm x 160mm (3.9" x 6.3") single-wide 
Eurocard form factor with the rest of the SERIES/800 
line and fit the CIM-602/604 card cages. They are 
completely CIMBUS compatible through a pin-in- 
socket DIN 41612 connector which provides an add- 
ed element of mechanical and electrical reliability by 
eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) 
for a description of the CIMBUS and the CIM-612/ 
612C Hardware Reference Manual (#420310003-001) 
for a complete description of the CIM-612 Voltage 
Regulator Board. 

Functional Description 

The voltage regulator portion of the CIM-612 Volt- 
age Regulator Board receives power from an exter- 
nal, unregulated DC source in the range from 5.5 to 
8.0V. The voltage is converted to +5, -flO, and 


-15Vdc and distributed to the system via the CIM- 
BUS. A fuse, transient suppressor, and capacitor in 
the power input lines to the voltage regulator pro- 
tect it from voltage spikes and current overloads. 

A DC power failure detection circuit on the board 
monitors the output of the 5 Vdc regulator. A DC 
voltage below 4.5V is considered a power failure. 
When this happens, the CPU is informed by an inter- 
rupt. This allows the CPU to place the system in a 
safe/known condition, and store vital data in 
battery-backed RAM. After the interrupt (ranges 
from tens to hundreds of milliseconds depending 
on the external DC power source and the load on 
the CIM-612), the CIM-612 inhibits all transactions 
with RAM in the system to prevent data from being 
scrambled by noise potentially generated during 
the powerdown/up sequence. 

The CIM-612 also contains a RAM backup circuit 
that is activated by a power failure. An on-board 
lithium battery will supply 0.6 Amp-hour of current 
with less than 0.5mA drawing current. This will sup- 
port the RAM on the ClM-800 CPU board during the 
power down time. 

The CIM-612 uses the standard CIMBUS form factor 
(100mm X 160mm), and can therefore be plugged 
directly into a CIM-602/CIM-604 card cage. The PI 
connector/slot in these card cages is reserved for 
this purpose. 
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Specifications 
DC Power Input 


Environmental 

Temperature: 

Voltage — 

+5.5 to 8.0 Vdq 


CIM-612: -40°Cto+85°C 

Current (max.) — 

I.OAmp steady state 


(-40°F to +185°F) 

Startup 
transient — 

2.0Amp for 1 sec (full load) 


CIM-612C: 0to+70°C 

(+32T to +158°F) 

RAM (On-Board) Backup 


Humidity: 0 to 90% 

noncondensing 

Type — 

Nonrechargeable lithium 

Physical 

Length: 6.30 in. (160 mm) 

Voltage — 

+3.4 Vqc 


Width: 3.94 in. (100 mm) 

Maximum Con- 
tinuous Current — 

0.5mA 


Height: 1.97 in. (50 mm) 

Weight: 7.0 oz. (198 gm) 

Capacity — 

0.63Amp-hour across 

Order Information 

Shelf Life — 

full temperature range 

10 years 

CIM-612 

Voltage Regulator Board 

wl 1 w 1 1 ^1 1 w 

DC Power Output 

CIM-612C 

0 to +70°C (commercial) 
version 

Tolerance (Steady 

+5Vdc +15Vdc -15Vdc 

Documentation 

CiM-612M 

CIM-612/612C Voltage 
Regulator Board Hardware 

State) — 

±200 mV ±200 mV ±200 mV 


Ripple (RMS) — 

15mV 2mV 2mV 


Reference Manual 

Current — 

0.5A 100mA 100mA 


(#420310003-001) 

Connectors 


CIMBUSM 

CIMBUS System Specification 
(#420306681-001) 

1 

CIMBUS — 

Pin-and-socket DIN 41612 
Recommended mating 
connectors: 

Winchester: 96P-6033-0523-0 
Elco: 008257-096-000-124 




^ National Semiconductor 



microCMOS 


CIM™-630 
Prototyping Board 



□ Permits addition of user-designed circuitry to 
a CIMBUS^“ system 


□ Capacity for 32 16-pin DIPs 

□ Piugs directly into CIM-602/604 card cages 


Product Overview 


The CIM-630 Prototyping Board is a member of the 
SERlES/800"" line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and q/ivironmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol- 
ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- 


trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-630 Prototyping Board, with a capacity of up to 
32 16-pin DIPS, is a convenient, economical way for 
CIMBUS system users to include their own custom- 
designed circuitry. Completely compatible with the 
CIM-602/604 card cages, it plugs directly into the 
user’s system. 

Physical Description 

The CIM-630 Prototyping Board accepts up to 32 16-pin 
DIPS or an equivalent mix of 14-, 16-, 18-, 22-, 24- 28-, and 
40-pin configurations. It has a pin-in-socket DIN 41612 
connector built in, and plugs directly into the CIM-602/604 
card cages. 
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Order Information 


Specifications 

Connectors Pin-and-socket DIN 41612 
Recommended mating 
connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Environmental Temperature; -40° C to +85° C (-40°F 
to +185°F) (Assumes 
user-installed circuitry 
meets this specification.) 


Physical 


Humidity; 0 to 90% noncondensing 

Length: 6.30 in. (160 mm) 

Width: 3.94 in. (100 mm) 

Height; 0.90 in. ( 23 mm) 

Weight; 0.50 oz. ( 14 gm) 


CIM-630 

Documentation 

CIMBUSM 


Prototyping Board 

CIMBUS System Bus Specification 
(#420306681-001) 
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^ National Semiconductor 


Cll\/I™-631 
Prototyping Board 


microCMOS 



□ Permits addition of user-designed circuitry □ Plugs directly into CIM-602/604 card 
to a CIMBUS™ system cages 

la Capacity for 63 16-pin DIPs 


Product Overview 

The CIM-631 Prototyping Board is a member of the 
SERIES/800''’M line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, 
memory expansion, and digital and analog I/O boards. 
Also included is a real-time multitasking operating 
system, BLMX-80C. The line uses the microCMOS 
NSCSOO’^^ microprocessor, which combines the 
benefits of the execution speeds of NMOS micro- 
processors with the power dissipation and environ- 
mental characteristics of CMOS, and executes the Z80 
instruction set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnec- 
tion (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 


harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial 
instrumentation, and uninterruptable power supplies. 

The CIM-631 Prototyping Board, with a capacity of up to 
63 16-pin DIPS, is a convenient, economical way for 
CIMBUS system users to include their own custom- 
designed circuitry. Completely compatible with the 
CIM-602/604 card cages, it plugs directly into the user's 
system. 


Physical Description 

The CIM-631 Prototyping Board accepts up to 63 16-pin 
DIPS or an equivalent mix of 14-, 16-, 18-, 22-, 24-, 28-, 
and 40-pin configurations. It has a pin-and-socket DIN 
4612 connector built in, and plugs directly into the 
DIM-602/604 card cages. 
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The primary difference between the CIM-631 and the 
CIM-630 is that the CIM-631 does not have power and 
ground traces throughout the board (as does the 
CIM-630). In comparison to the CIM-630, this increases 
the amount of wirewraps which must be made, but also 
results in nearly double the number of devices which 
may be installed. It also allows these devices to be 
placed “on grid”, to match the production version of the 
design prototyped on the CIM-631. 


Environmental 

Temperature: -40°Cto -i-85°C (-40°F to -h 185°F) 
(Assumes user-installed circuitry meets 
this specification.) 

Humidity: 0 to 90% noncondensing 

Physical 

Length: 6.30 in. (160 mm) 

Width: 3.94 in. (100 mm) 

Height: 0.90 in. ( 23 mm) 

Weight: 0.50 oz. ( 14 gm) 


Specifications Order Information 


Connectors 

Pin-and-socket DIN 41612 
Recommended Mating Connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 


CIM-631 Prototyping Board 

Documentation 

CIMBUSM CIMBUS System Bus Specification 

(#420306681-001) 
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2 National Semiconductor 

CIM™-640 
Extender Board 



microCMOS 



a Complete access to a CIMBUS"*" board for □ Easily accessible test points for fast examina- 
troubleshooting or debugging tion of bus and control signals . 

a Power isolation allows removal/insertion of 
boards without loss of data or functions as well 
as current measurement in a powered system 


Product Overview 

The CIM-640 Extender Board is a member of the 
SERIES/800^" line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800'“ micro- 
processor, which combines the benefits of the execution 
speeds of NMOS microprocessors with the power dissipation 
and environmental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnection 
(see the CIMBUS specification). The microCMOS technology 
employed, combined with the single-wide Eurocard form 
factor of the boards, makes the SERIES/800 line appropriate 
for many applications in harsh environments, such as numeric 
machine control, pipeline monitoring and control, robotics, 
industrial instrumentation, and uninterruptable power supplies. 


The CIM-640 Extender Board provides a means of 
extending CIMBUS boards away from the ClM-602/604 
card cage to permit testing and debugging. Test points for 
examining bus and control signals are easily accessible, 
and the power lines contain jumpered openings for power 
removal at the extender board. 


Physical Description 

The CIM-640 Extender Board offers the SERlES/800 user 
the means to extend boards beyond the card cage for 
testing and debugging. Test points for bus and control 
signals are easily accessible. 

In addition, the power traces on the CIM-640 have 
jumpered openings so that user can remove power at the 
board under examination rather than having to power 
down an entire system. The jumpered points in the power 
traces can also be used to insert instrumentation to 
measure the current to a board under power. 




14-59 






Order Information 


Specifications 

Connectors Pin-and-socket DIN 41612 ■ CIIVI-640 

Recommended mating 

connectors; Documentation 

CIMBUSM 


Vendor 

Backplane 

Board 

Winchester 

Elco 

96P-6033-0523-0 

008257-096-000-124 

96S-6033-0531-2 

008257-096-649-124 


Environmental Temperature; -40°C to +85°C (-40°Fto 
+185°F) 

Humidity: 0 to 90% noncondensing 

Physical Length; 7.30 in. (185 mm) 

Width: 3.94 in. (100 mm) 

Height: 0.50 in. (13 mm) 

Weight; 0.50 oz. ( 14 gm) 


Extender Board 

CIMBUS System Bus Specification 
(#420306681-001 ) 




^ National Semiconductor 


CIM"“-653 
Serial I/O Cable 


microCMOS 



□ Allows instant addition of a RS232C or 
20mA current loop device to a CIMBUS™ 
system 


□ Compatible with the CIM<201 Serial I/O 
Board 

□ Supports full 25-line interface 


Product Overview 

The CIM-653 Serial I/O Cable is a member of the SERIES/ 
800 TM line of CMOS Industrial Microcomputers (CIM) 
from National Semiconductor Corporation. SERIES/800 
is a complete family, including CPU, memory expansion, 
and digital and analog I/O boards. Also included is a 
real-time, multitasking operating system, BLMX-80C. The 
line uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution speeds of 
NMOS microprocessors with the power dissipation and 
environmental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible with 
the CIMBUS, a documented scheme for board intercon- 
nection (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the SERIES/ 
800 line appropriate for many applications in harsh en- 
vironments, such as numeric machine control, pipeline 


monitoring and control, robotics, industrial instrumenta- 
tion, and uninterruptable power supplies. 

The CIM-653 Serial I/O Cable is a convenient way for 
CIMBUS system users to add a serial device to their sys- 
tem. It is fully compatible with the CIM-201 Serial I/O 
Board, and therefore, supports interfaces to terminals, 
modems, or any device compatible with RS232C or 20 mA 
current loop serial links. 


Physical Description 

The CIM-653 Serial I/O Cable is a ribbon cable 48 inches 
(122 cm) long (including the connectors). Both connec- 
tors are male, 25-pin “D” connectors. All 25 lines de- 
fined by EIA RS232C are included, with each line tied to 
the same pin on each connector (i.e., pin 1 to pin 1, pin 2 
to pin ‘2, etc.). 
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Specifications 

Connectors 
Standard DB25P 

Recommended Mating Connector: Standard DB25S 

Environmental Temperature: 0°C to + 70°C (+ 32'’F to 
+ 158°F) 

Humidity: 0 to 90% noncondensing 


Order information 

CIM-653 Serial I/O Cable (compatible with 

CIM-201 Serial I/O Board) 

Documentation 

CIM-201 M CIM-201 Serial I/O Board Hardware 

Reference Manual (#420306683-001) 


Physical 


Length: 48 in. (122 mm) 
Weight: 3.8 oz. (108 gm) 



2 National Semiconductor 


CIM™-660 
Firmware Monitor 


microCMOS 



□ Single-chip system monitor for CIM-800 
boards 

B Display contents of memory or processor 
registers 

□ Modify contents of memory or processor 
registers 

B Modify user programs dynamically 

o Upload and download hex files 


B Move blocks of data 

□ Perform hexadecimal arithmetic 

B Search memory for specified data byte 

□ Execute user programs from monitor 

□ insert breakpoints in user programs 

□ Input or output a byte of data 

□ Resides in a single NMC27C32 EPROM 


Product Overview 

The CIM-660 Firmware Monitor is a member of the 
SERIES/800'“ line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERlES/800 is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol- 


ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- 
trol, pipeline monitoring and control, robotics, in- 
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-660 Firmware Monitor is a single-chip (EPROM) 
system monitor that plugs into a socket provided on the 
CIM-800 Series Boards. Containing a complete software 
system, the CIM-660 provides the user all the functions 
usually associated with a microcomputer system monitor 
or debugging program and allows interactive program 
modification, testing, and execution. 
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Functional Description 


The CIM-660 Firmware Monitor is a single-chip, self- 
contained system monitor and software debugging 
program that gives the user the capability to modify, test, 
and execute his programs interactively with a CIM-800 
Microcomputer system. Input is made from a keyboard, 
and output may be routed to either a CRT display or a 
printer. 

After the system is powered up, the baud rate is 
established by repeatedly pressing the RETURN key on 
the CRT display until the following message appears: 

CIM-800 MONITOR REV. B 
> 

When the caret prompt (>) appears, the CIM-660 is in a 
command interpret mode, ready to accept a system 
command from the user. Commands then available are; 


DISPLAY 

Displays contents of memory between 
two specified addresses in hexadeci- 
mal and ASCII 

EXAMINE 

REGISTERS 

Examine and modify CPU registers 

FIND 

Searches memory between two 
specified addresses for a specified 
byte 

GO 

Transfers control to a specified 
address 

INPUT 

Displays the contents of input ports 
between two specified addresses 

MOVE 

Moves a specified block of data to 
a specified destination address 

OUTPUT 

Outputs a specified byte to a 
specified output port 

READ 

Input a hex file over a serial link 

SUBSTITUTE 

Examine and modify the contents of 
a specified memory address 

verify 

Used after a MOVE command to 
verify that the move was made 

WRITE 

Output a hex file over a serial link 


+_ Add two 16-bit hexadecimal numbers 

Subtract a 16-bit hexadecimal 
number with a second 16-bit number 

— Multiply two 16-bit hexadecimal 

numbers 

i Divide a 32-bit hexadecimal number 

by a 16-bit number 

Specifications 

Memory Requirements 

PROM Address Space OOOOH-OFFFH 

Environmental Temperature; -40° C to -1-85° C 

(-40°F to +185°F) 

Humidity 0 to 90% noncondensing 

Hardware Requirements 

CIM-800 CPU Board 

CIM-201 Serial I/O Board 

CIM-602/604 Card Cage (or equivalent) 

CIM-653 RS232 Serial I/O Cable Assembly (or equivalent) 

CIM-610 Voltage Regulator Board (or other 

supply of +5Vdc and -f- 15Vdc) 

Video Display Terminal (or equivalent) 

Order Information 

CIM-660 Firmware Monitor 

Documentation 

CIM-660M CIM-660 Firmware Monitor User’s 

Manual (#420306641-001) 

CIMBUSM CIMBUS System Bus Specification 

(#420306681-001) 
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2 National Semiconductor 




mi 

T / 

icroCMOS 


CIM™-802A/804 and CIM-802AC/804C 
Industrial Microcomputers 



■ NSC800^**-based computer board 

■ microCMOS technology gives NMOS 
performance at CMOS power 
consumption levels 

■ NSC800 CPU — more than 158 instruction 
types programmable in Z80 code 

H 4 MHz or 2 MHz operation in harsh 
environments 

B -40X to +85°C or 0°C to +70X 
(commercial version) operating 
temperature ranges 


B Battery backup/operation 

□ 2 16-bit counters/timers with prescalers 
B 22 programmable I/O lines 

B System-level fail-safe timer 
B 2K bytes static RAM; 2K or 4K bytes 
PROM with “shadow” capability under 
software control 

□ 12 vectored interrupts * 

□ Built solely with components burned in 
to A+ levels 


Product Overview 

The CIM-802A/804 and CIM-802AC/804C Micro- 
computer Boards are members of the SERIES/800™ 
line of CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 is 
a complete family, including CPU, memory expan- 
sion, and digital and analog I/O boards. Also includ- 
ed is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS 
NSC800 microprocessor, which combines the bene- 
fits of the execution speeds of NMOS microproces- 
sors with the power dissipation and environmental 
characteristics of CMOS, and executes the Z80 in- 
struction set. The complete line is compatible with 
the CIMBUS™, a documented scheme for board 
interconnnection (see the CIMBUS specification). 
The microCMOS technology employed, combined 


with the single-wide Eurocard form factor of the 
boards, makes the SERlES/800 line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and unin- 
terruptable power supplies. 

The CIM-802A, CIM-804, CIM-802AC, and 

C1M-804C are the board level computers that are 
the heart of the SERIES/800 CMOS Industrial Mi- 
crocomputer board ■ line. Featuring NSC’s micro- 
CMOS technology, these computers provide highly 
reliable performance over a wide range of harsh 
environmental conditions at low power consumption, 
and is eminently suitable for remote station and process 
control applications. 
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These are complete computers based on the 
NSC800 central processing unit, and include 22 pro- 
grammable I/O lines, twelve priority vectored inter- 
rupts, 2K bytes of static RAM, provisions for. 2K or 
4K bytes of ROM, and two 16-bit programmable tim- 
ers. The NSC800 CPU, which is programmable in 
Z80 code, has an instruction set containing more 
than 158 instruction types. The CPU board is easily 
expandable via the CIMBUS for operation with other 
products in the SERIES/800 line, such as memory 
expansion, A/D and D/A conversion, serial I/O, and 
a battery charger. See the CIMBUS specification 
manual for a description of CIMBUS characteristics 
(order as CIMBUSM or Manual #420306681-001). 

Power consumption of the computer is very low 
(magnitudes less than equivalent NMOS functionali- 
ty), which results in increased reliability and elimi- 
nates the need for separate cooling fans and filter- 
ing systems. CIMBUS connections are made through 
two-piece, pin-in-socket DIN 41612 connectors, 
which are highly resistant to vibration and corrosion, 
and eliminate the card edge connector, a primary 
failure source in many systems. The CPU board is 
small, measuring only 100 mm x 160 mm (3.9" x 
6.3"), and fits into the CIM-602 (8-slot) or CIM-604 
(18-slot) CIMBUS card cages to make a tidy, durable 
system. 

The CIM-802A and CIM-804 are functionally identi- 
cal with the exception of their operating speeds: the 
CIM-802A executes at 2 MHz (minimum instruction 
execution time of 2 microseconds), the CIM-804 ex- 
ecutes at 4 MHz (1 microsecond minimum instruction 
execution time). The CIM-802AC and the 
CIM-804C are functionally identical to the CIM- 
802A and the CIM-804, with the only difference be- 
ing their operating temperature range (0°C to 
4-70°C, versus -40°C to -f-OS’C). 

Functional Description 
Central Processor 

• CPU — NSC800 microprocessor 

• Maximum addressing range — 64K bytes 

• Data word — 8 bits 

• Instruction word — 8, 16, or 24 bits 

• Addressing modes— direct, register, indexed 
register, register indirect, and immediate 

• Instruction types — more than 158, programmable in 
Z80 code 

• Registers 

— 14 general purpose, A, B, C, D, E, H, and L and 
A’, B’, C’, D’, E’, H’, and L’; A (accumulator) 
and F (flag). A’ and F’ selected separately. 

Other registers may be used singly or in pairs; 
AF, BC, DE, HL and A’P, B’C’, D’E’, H’L’. 

— 2 16-bit index register pairs IX and lY may be 
indexed ±255 from symbolic location 

— 1 16-bit program counter (PC) 

— 1 16-bit stack pointer (SP) used discretely or 
automatically to implement subroutine-CALL 
and RETurn instructions 

— 1 8-bit refresh register (R) 

— 1 8-bit interrupt register (I) 


Memory 

The 2K private static RAM (6116) is a byte-wide, low 
power device requiring only a few microwatts to re- 
tain data, and uses special write inhibit logic to pro- 
tect its contents in a power-down or standby mode. 
An additional 128 bytes of RAM are available from 
the NSC810 RAM I/O Timer. The 2K static RAM is 
mapped at addresses F000H-F7FFH: the additional 
128 bytes at F800H-F87FH. 

Sockets are provided on the CPU board for either 
the 27C16 (2K bytes) or the 27C32 (4K bytes) 
EPROM. Two Berg jumpers provide all the logic 
changes necessary for using either type of EPROM. 
Assigned addresses for ROM are 0000H-07FFH 
(27C16) or OOOOH-OFFFH (27C32). The PROM may 
be turned off (shadowed), under software control, to 
allow using memory mapped into the same space. 
This provides a convenient way to “bury” diagnos- 
tics and/or bootloaders. 

Memory expansion to a maximum of 64K bytes is 
possible using the CIM-100 Series Memory Expan- 
sion Boards. 

Input/Output 

All on-board input/output functions are memory- 
mapped through the NSC810 RAM I/O Timer with a 
base address of F8XXH. 

• Interrupts — arbitrated through a priority interrupt 
controller 

— 1 nonmaskable interrupt 

— 3 restart maskable Interrupts available to user 

— 8 priority vectored interrupts 

• Three programmable I/O ports 

— Port A, 8 lines available to user 

— Port B, 8 lines, 4 generally reserved for CPU 
board use 

— Port C, 6 lines, 2 generally reserved for CPU 
board use 

(Some system configurations may allow use of all 
22 I/O lines. I/O pin-out is different than CIM-802.) 

• Timers 

— 2 16-bit programmable counters/timers: timer 
prescale 1/2/64 (64 on timer TO only) 

— 8 ms and 0.5 second timers jumperable as 
interrupts 

Fail-Safe Timer 

The fail-safe timer is a software timer implemented 
through Port B of the NSC810. If the user chooses 
to implement this feature, the CPU must be pro- 
grammed to toggle bit 4 of Port B based on the 0.5 
second on-board timer. This provides a 1Hz signal to 
the CIMBUS that is used to retrigger a monostable 
multivibrator (one-shot) on any expansion board. If 
the CPU should fail, the CIMBUS signal TMRFS will 
no longer be output. The expansion board(s) will 
then set their outputs to a known quiescent state, 
ensuring an orderly shutdown without a CPU. An on- 
board LED indicates the state of TMRFS and also 
allows for a quick visual inspection of the health of 
the CPU board. 
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CIM-660 Firmware Monitor 

The CIM-660 Firmware Monitor is available in a pre- 
programmed NMC27C32 EPROM. This comprehen- 
sive monitor includes facilities to load, execute, and 
debug programs based on the CIM CPU boards. The 
monitor allows the user to examine and modify any 
RAM location or CPU register. It also allows the 
movement of blocks of data within memory and ini- 
tiation of user programs with optional breakpoints. 
Files can be uploaded and downloaded over a serial 
link using the industry-standard hexadecimal format. 
The user can employ the monitor to search memory 
to find the location of an 8- or 16-bit string. The 
CIM-660 will calculate the sum, difference, product, 
and quotient (with remainder) of any 4-, 8-, or 16-bit 
set of numbers. Additionally, the monitor can be 
used to exercise all available I/O ports within the 
system. The CIM-660, in conjunction with a CIM- 
201 Serial I/O Board, incorporates a baud rate 
search to determine the rate at which the CRT/TTY 
is running. The following commands are supported 
in the CIM-660 Firmware Monitor: 

D — Display contents of memory 
E — Examine CPU registers 
F — Find bit stream in memory 
G — Execute program (with optional 
breakpoints) 

I — Input data from I/O port 
M — Move block of data 
O — Output data to I/O port 
R — Input a hexfile over a serial link 
S — Examine and/or substitute value in 
memory 

V — Verify result of move command 
W — Output a hexfile over a serial link 
+ — Add two 16-bit hex numbers 

Subtract one 16-bit hex number from 

another 

* — Multiply two 16-bit hex numbers 
/ — Divide a 32-bit hex number by a 16-bit 
hex number 

Real-Time Software 

The BLMX-80C real-time multitasking executive re- 
quires only 2K bytes of EPROM and 512 bytes of 
RAM in its minimum configuration. Facilities such as 
the following are included: priority-based system re- 
source allocation, intertask communication and con- 
trol, interrupt-driven control for standard I/O devices, 
time-of-day clock, free space memory manager, and 
interrupt and event handling. Optional linkable and 
relocatable modules for console control (CRT or 
TTY), fail-safe timer interface, analog I/O board in- 
terface, and interactive system-level debugging are 
provided with the BLMX-80C package. User config- 
urability is aided on the STARPLEX™ Development 
System by the menu-driven SYSCON System Con- 
figuration program that is also provided with BLMX- 
80C. 


System Development Capability 

The development cycle for CIMBUS-based products 
may be significantly reduced using the STARPLEX 
Development System from National Semiconductor 
Corporation. The convenience of a comprehensive 
operating system combined with system prompts 
that guide even inexperienced users through com- 
plex tasks creates an ideal software development 
environment. An In-System Emulator (ISE)™ avail- 
able for the NSC800 allows the development and 
debugging of software directly on the CIM -802 
board. 

Specifications 

Microprocessor 

CPU — NSC800 

Data word — 8 bits 


Instruction 

word — ^ 8, 16, or 24 bits 


Product 

Clock 

Speed 

CPU 

Speed 

Min. Instruction 
Execution Time 

C1M-802A 

4 MHz 

2 MHz 

2 }jiS 

CIM-804 

8 MHz 

4 MHz 

1 ixs 


Registers — 


Number of 
instructions — 


Address 
capacity — 


14 general purpose 
2 index 

Program counter 
Stack pointer 
Refresh register 
Interrupt register 

158 instruction types, providing for 
more than 600 executable 
instructions (Z80 code compatible) 

Memory - 64K bytes 
I/O - 256 input 
256 output 


2K bytes static RAM (6116) plus 
128 bytes in NSC810 RAM I/O 
Timer 

Sockets for 2K bytes (27C16) or 

4K bytes (27C32) ROM 

VIA memory expansion boards to 


Memory 

RAM — 

ROM — 

Expansion — 

Access time — 
Address 
assignments — 


64K 
350 ns. 

Address Range 

0000H-07FFH 

0800H-0FFFH 


Assignment 
On-board PROM 
(using 27C16) 
Off-board 
(unassigned) if 
27C16 PROM is 
used. On-board 
EPROM if 27C32 
PROM is used 


|]S 


14-67 




1000H-EFFFH 

F000H-F7FFH 

F800H-F87FH 

F880H-F8FFH 

F900H-FFFFH 


Off-board 
(unassigned) 
On-board RAM 
(2K byte RAM, 
battery backup 
available) 
On-board RAM 
(NSC810 128 
byte RAM, not 
backed up during 
power failure) 
NSC810 I/O port 
and timer control 
access (memory- 
mapped) 
Reserved 


Connectors 

CIMBUS — Pin-in-socket DIN 41612 

Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 
Parallel I/O — Right-angle header 

Recommended mating hardware: 
3M 3399-7026 (Connector) 

3M 3350/26 (Cable) 


Power +5Voc ±5% 


Product 

EPROM 

Used 

Normal 

Operation 

Power 

Save 

Battery 

Backup 

CIM-802A 

27C16 

60 mA 

25 mA 

10 juA 

CIM-802A 

27C32 

60 mA 

25 mA 

10 juA 

CIM-804 

27C16 

85 mA 

25 mA 

10 nA 

CIM-804 

27C32 

85 mA 

25 mA 

10 iiA 


Environmental 

Temperature — CIM-802A/804: 
-40'’C to -f 85°C 
(-40°F to +185°F) 
CIM-802AC/804C: 

0°C to + 70°C 
(-32°F to +158°F) 

Humidity — 

0 to 90% noncdndensing 

Physical — 

Length 6.30 in. (160 mm) 

Width 3.94 in. (100 mm) 

Height 0.50 in. ( 13 mm) 

Weight 1.4 oz. ( 36 gm) 

Order Information 

CIM-802A 

CMOS Industrial Microcomputer 
with 2MHz NSC800 

CIM-802AC 

0°C to + 70°C (commercial) 
version 

CIM-804 

CMOS Industrial Microcomputer 
with 4 MHz NSC800 

CIM-804C 

0°C to + 70°C (commercial) 
version 

Documentation 

CIM-804M 

CIM-802A/802AC and CIM- 
804/804C Board Level Computer 
Hardware Reference Manual 
(#420308205-001) 

CIMBUSM 

CIMBUS System Bus 
Specification (#420306681-001) 


16 PROGRAMMABLE 
PARALLEL 1/0 LINES 



FIGURE 1. CIIVI-804 CPU Board Block Diagram 


TL/T/5092-1 
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INTRODUCTION TO THE RELIABILITY 
MILITARY/AEROSPACE PROGRAMS 


History 

In the mid 1960’s the various government agen- 
cies responsible for semiconductor reliability 
saw that screenable defects were resulting in an 
in-equipment failure rate of about 1% per thou- 
sand hours. In-depth failure analysis allowed 
them to determine what the predominate failure 
mechanisms were. The Solid State Applications 
Branch of the Air Force’s Rome Air Development 
Center (RADC) was assigned the task of devel- 
oping a screening procedure which would re- 
move the infant mortality failures which had led 
to the high failure rate previously encountered. 
Working closely with other semiconductor reli- 
ability experts, the RADC staff developed MIL- 
STD-883, which was first issued in 1968. The 
objective of MIL-STD-883 was to create an eco- 
nomically feasible, standardized integrated cir- 
cuit screening flow which would achieve an in- 
equipment failure rate of 0.08% per thousand 
hours for Class B and 0.004% per thousand 
hours for Class A (which was later superseded 
by Class S). Over the years this standard has 
grown and matured with a number of new test 
methods added as reliability information and 
failure analysis results became more detailed. 
These developments have led to one of the 
strongest and most comprehensive screening 
specs available, MIL-STD-883. 

Purpose and Structure 

MIL-STD-883 states: this standard establishes 
uniform methods and procedures fortesting mi- 
croeiectronic devices, inciuding basic environ- 
mentai tests to determine resistance to deieteri- 
ous effects of naturai elements and conditions 
surrounding miiitary and space operations, and 
physicai and eiectricai tests. What does this 
mean to the semiconductor user? To understand 
this, one must subdivide MIL-STD-883 into two 
primary areas: 1) Detailed how-to specifications 
(methods 1001 through 4007) and 2) Screening 
and qualification and/or quality conformance 
testing requirements (methods 5001 through 
5009). By examining each of these areas the 
thrust of MIL-STD-883 will become apparent. 

Detailed How-to Specifications 

MIL-STD-883 is a collection of environmental, 
mechanical, visual, and electrical test methods. 
These methods define tests which enable manu- 
facturers and users to screen for specific reli- 
ability concerns. The tests covered include 
moisture resistance, high temperature storage, 


neutron irradiation, shock and acceleration 
tests, visual radiography, and dimensional tests, 
to mention only a few. In the electrical test sec- 
tion, there are tests to examine load conditions, 
power supplies, short circuit currents, and other 
tests. Each of these tests is designed to look at 
specific reliability and quality concerns that 
affect semiconductor products. 

Screening Flows 

The overall reliability requirements for a system 
depend upon a number of factors, including 
cost-effectiveness. For example, a deep space 
probe, where component replacement is impos- 
sible once the system is launched, requires very 
high reliability, despite the inherent cost of com- 
plex screening. On the other hand, a ground- 
based radio unit can use a less stringent reliabil- 
ity testing sequence, since a failed component 
can be easily replaced at moderate cost. In line 
with this range of needs, MIL-STD-883 estab- 
lished three distinct product assurance levels to 
provide reliability commensurate with the prod- 
uct’s intended application. The three levels are 
Class S (intended for critical applications, such 
as space). Class B (intended for less critical ap- 
plications, such as airborne or ground systems), 
and Class C (intended for easily replaceable- 
systems, which has since been eliminated). 


National and MIL-M-38510 

A major thrust exists among integrated circuit 
users, suppliers, and the U.S. Government to 
avoid proliferation of military procurement spec- 
ifications by turning instead to standardized 
high reliability microcircuits. National Semicon- 
ductor endorses and supports this trend. 

One major program to which National is heavily 
committed is the JAN MIL-M-38510 1C program. 
This is a standardization program administered 
by the U.S. Defense Department which allows a 
user to purchase a broad line of standard prod- 
ucts from a variety of qualified suppliers. 

There is only one MIL-M-38510 program. National 
is committed to supplying only QPL devices, 
and discourages any “pseudo-381 50” alternates. 

There are two levels specified within MIL-M- 
38510 — Classes S and B. Class S is typically 
specified for space flight applications, while 
Class B is used for aircraft and ground systems. 
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MIL<M-38510 

The Defense Electronic Supply Center (DESC) 
administers the integrated circuit standardiza- 
tion program known as MlL-M-38510 (sometimes 
referred to as the JAN 1C Program). The specifi- 
cation set used to define the program consists 
of four documents: general specification MIL-M- 
38510, which is an overall definition of the pro- 
cessing and testing to be performed; detail 
specifications (referred to as “slash sheets”), 
each of which defines the performance param- 
eters for a unique generic device or a family of 
devices; MIL-STD-883, which defines specific 
screening procedures; and MIL-STD-976, which 
defines line certification requirements. 

When a user orders a MIL-M-38510 device, he is 
guaranteed that he will get a device fully con- 
formant with the detail specification and which 
has also met all of the general testing and pro- 
cessing requirements. DESC requires semicon- 
ductor suppliers to become formally qualified 
under tfie MIL-M-38510 program and to be listed 
on the current Qualification Products List (QPL) 
before they are allowed to legally ship JAN 
devices. 

Advantages to the User 

The JAN 38510 program has numerous advan- 
tages for the integrated circuit user. 

• A single explicit specification eliminates 
guesswork concerning device electrical char- 
acteristics or processing flow. 

• The rigorous schedule of quality conformance 
testing that is a mandatory part of the MIL-M- 
38510 program assures the user of long-term 
stability. 

• Since the electrical characteristics of the 
devices are at least as tight as the “standard 
industry data sheet” parameters, device per- 
formance will meet the vast majority of 
system design requirements. Additionally, 
min./max. limits replace many data sheet 
typicals, making circuit design and worst case 
design analysis decisions easier. 

• The user is spared the expense of researching 
and preparing his own procurement 
document. 

• The user is spared the expense of qualifica- 
tion testing. The QPL tells him which suppli- 
ers have qualified the device he requires. 

• The QPL gives the user a choice of qualified 
suppliers for devices that are fully inter- 
changeable. In addition, the presence of sev- 
eral sources guarantees competitive pricing 
that is typically lower than for devices to a 
user’s own specifications. 


• Since MIL-M-38510 is a standard program, pro- 
curement lead times will be shorter. With a 
large number of programs using JAN devices, 
distributors and manufacturers are able to 
establish inventories of JAN devices. National 
in particular is committed to maintaining fin- 
ished goods and work-in-process inventories 
to support our customers’ needs. 

• Spare parts will be readily available without 
excessive minimum order requirements. 

• Standard parts with volume requirements will 
remain in production longer. 

• Device markings are consistent from one 
manufacturer to another. 

• The program is extremely cost-effective. A 
user can purchase a few devices for engineer- 
ing evaluation and prototyping and know that 
they will be identical to the devices he will get 
during production. When the cost factors as- 
sociated with spec, writing, supplier qualifica- 
tion, maintaining voluminous parts control 
documentation, and the more intangible bene- 
fits of device availability are totaled, use of 
JAN ICs is overwhelmingly the most cost- 
effective approach. 

Advantages to the Supplier 

What motivates a supplier like National Semi- 
conductor to be so heavily committed to the 
MIL-M-38510 program? National has the broad- 
est range of reliability processed products avail- 
able In the semiconductor industry. A program 
such as MIL-M-38510 helps to standardize the 
processing required and to minimize the number 
of individual user specifications. This allows 
National to concentrate more resources on this 
program, thereby improving product quality and 
availability. 

The Most Frequently Asked Questions and 
Answers about MIL-M-38510 

There are many questions which are frequently 
asked regarding the MIL-M-38510 program. We 
would like to answer some of them. 

Q. WHAT MUSTA MANUFACTURER DO TQ GET 
HIS PARTS LISTED ON THE QPL? 

A. There are two things which a manufacturer is 
required to do. First, he must get his facilities 
(inciuding wafer fab, assembly, and rel pro- 
cessing areas) certified by DESC. This re- 
quires that each fab area used for QPL de- 
vices must be approved. Second, for each 
specific device and package combination 
listed on the QPL, the manufacturer must 
perform extensive qualification testing and 
provide detailed device information to DESC. 
This data is typically supplied in two phases. 
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In the first phase, the manufacturer must 
supply detailed information concerning the 
device construction and electrical character- 
istics. Once this data has been verified by 
DESC to confirm that the manufacturer’s de- 
vice meets the MIL-M-38510 requirements, 
the manufacturer is listed on Part II of the 
QPL. At this point the Vianufacturer is legally 
able to supply full JAN qualified devices 
meeting ALL of the MIL-M-38510 require- 
ments. The manufacturer must then perform 
the full qualification testing of Method 5005 
of MIL-STD-883 as specified in paragraph 4.4 
of MlL-M-38510. Once this data has been 
reviewed and accepted by DESC, the manu- 
facturer is listed on Part I of the QPL. 

Q. IS THER^ ANY DIFFERENCE IN DEVICES 
PRODUCED WHILE A MANUFACTURER IS 
LISTED ON PARTIIOFTHEQPLANDTHOSE 
PRODUCED AFTER PART I QUALIFICATION 
IS COMPLETED? 

A. There is absolutely no difference. A supplier 
must meet all of the device screening and 
quality conformance requirements no matter 
what his QPL status. 

Q. HOW DOES A USER KNOW WHAT DEVICES 
ARE COVERED BY SLASH SHEET SPECIFI- 
CATIONS? 

A. Supplement 1 to MIL-M-38510 contains a list- 
ing of the slash sheet specifications and a 
cross reference to the generic part type. This 
is updated as new slash sheets are released. 
National’s Reliability Handbook also con- 
tains a cross reference. 

Q. HOW CAN A USER OBTAIN COPIES OF THE 
QPL, SUPPLEMENT 1 OF MIL-M-38510, MIL- 
M-38510 ITSELF, AND MIL-STD-883? 

A. Copies of these and other related documents 
may be obtained from; 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
, (212)697-2179 

Q. WHATABOUTTHOSE DEVICES FOR WHICH 
NO DETAIL SPECIFICATION EXISTS? 

A. The ultimate aim of a standardization pro- 
gram must be to furnish all parts. Requests 
for addition of a part to MIL-M-38510 should 
be made to DESC Directorate of Engineering, 
Dayton, Ohio 45444, indicating a need for 
slash sheets and/or suppliers to be qualified 
for the additional devices. National has a 
form (available through local sales offices) 
which may be used for this purpose. In addi- 
tion, if only some parts are available, a user 
can still see significant savings on those that 
are available. 


Q. HOW IS A JAN QPL DEVICE MARKED? 

A. Tables I and II explain the details of the mark- 
ing for JAN ICs. 

TABLE I. MIL-M-38510 PART MARKING 


J M38510 /XXXXXYYY 

I the Lead Finish 

A = Solder Dipped 
B = Tin Piate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

the Device Package (see 

Table II) 

the Screening Level S or B 

the Device Number on the 

Slash Sheet 

the Slash Sheet Number 

MIL-M-385810 

The JAN prefix (which 

may be applied only to a 
fully conformant device 
per paragraphs 3.6.2.1 and 
3.6.7 of MIL-M-38510) 


TABLE II. JAN PACKAGE CODES 


38510 

PACKAGE 

DESIGNATION 

MICROCIRCUIT INDUSTRY 
DESCRIPTION 

A 

14-pin 1/4" X 1/4" (metal) flatpack 

B 

14-pin 3/16" X 1/4" flatpack 

C 

14-pin 1/4" X 3/4" dual-in-line 

D , 

14-pin 1/4" X 3/8" (ceramic) flatpack 

E 

16-pin 1/4" X 7/8" dual-in-line 

F - 

16-pin 1/4" X 3/8" (metal or ceramic) 
flatpack 

G 

8-pin TO-99 can or header 

H 

10-pin 1/4" X 1/4" (metal) flatpack 

I 

10-pin TO-100 can or header 

J 

24-pin 1/2" X 1-1/4" dual-in-line 

K 

24-pin 3/8" X 5/8" flatpack 

M 

12-pin TO-101 can or header 

P 

8-pin 1/4" X 3/8" dual-in-line 

Q 

40-pin 8/16" X 2-1/16" dual-in-line 

R 

26-pin 1/4" X 1-1/16" dual-in-line 

S 

20-pin 1/4" X 1/2" flatpack 

V 

18-pin 3/8" X 1-15/16" dual-in-line 

W 

22-pin 3/8" X 1-1/8" dual-in-line 


Unassigned — Reserved for 


identifying special packages whose 

z) 

dimensions are carried in the detail 
specifications. 


Q. ARE DEVICES CALLED “M38510, JAN PRO- 
CESSED, JAN EQUIVALENT, ETC.” REALLY 
QPL PRODUCTS? 

A. Absolutely not. There is only one QPL prod- 
uct — it is a JM38510 marked device. “JAN 
Equivalent” is expressly forbidden by para- 
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graphs 3.1 and 3.6.7 of MIL-M-38510. MIL-M- 
38510 does provide for the production of 
devices when no qualified sources exist, but 
this may be done only with prior DESC ap- 
proval, and products produced under this 
provision must meet all requirements of MIL- 
M-38510 other than qualification. 

Q. HOW LONG CAN A SUPPLIER REMAIN ON 
PART II OF THE QPL? 

A. For Class B, a manufacturer can remain on 
Part II for two years or until 90 days after 
another supplier becomes qualified for the 
same device package, screening level, and 
lead finish combination on Part I of the QPL. 
Class S devices may remain on Part II for one 
year after another manufacturer reaches 
Part I. 

Q. WHEN ANOTHER SUPPLIER OBTAINS PART 
I QUALIFICATION, ARE THE OTHER QUALI- 
FIED SUPPLIERS REMOVED FROM PART II 
IMMEDIATELY? 

A. No. The supplier is given 90 days before 
being removed from Part II for a Class B de- 
vice and one year for a Class S device. During 
that time a supplier may legally accept orders 
for those devices. After the end of the 90-day 
or one year period, he may no longer accept 
orders but may complete and ship those or- 
ders received prior to that time, no matter 
how long it takes him to complete them. 

Q. IS A SUPPLIER EVER REMOVED FROM 
PART I QUALIFICATION? 

A. Generally not. As long as a supplier contin- 
ues to manufacture the device, maintains ap- 
propriate facility approvals, and submits all 
required reports and information to DESC 
within stipulated time limits, he will retain 
QPL I listing. Violation of these requirements 
can be cause for removal from QPL. 

Q. CAN AN AUTHORIZED DISTRIBUTOR SHIP 
JAN DEVICES FROM HIS SHELVES IF THE 
MANUFACTURER HAS LOST HIS QPL LIST- 
ING FOR THOSE DEVICES? 

A. Yes. As long as those devices were ordered 
by the authorized distributor while the manu- 
facturer had QPL listing for those devices, 
the distributor may subsequently ship those 
devices from his shelves. 

Q. CAN A MANUFACTURER LEGALLY SHIP 
JAN QPL MATERIAL HE ASSEMBLED AND 
TESTED BEFORE HE RECEIVED A QPL 
LISTING? 

A. Yes. The manufacturer must assemble and 
screen parts to prove his ability to comply 
with the specifications before he can be 
placed on QPL. As a result, his first lot of 
material, which is fuliy conformant to QPL 


product requirements, will have a date code 
that is earlier than the date he is piaced on 
the QPL. However, the manufacturer may not 
begin to assemble and test unless he has a 
line certification and an approval to proceed 
with qualification. 

Q. WHAT IS THE RELATIONSHIP BETWEEN 
MIL-M-38510 AND MIL-STD-883? 

A. MIL-M-38510 defines complete program 
requirements and the detail device eiectri- 
cal performance parameters. The device 
processing requirements are specified in 
MIL-STD-883. 

Q. SUPPOSE DEVICES ARE KEPT ON A MANU- 
FACTURER’S OR DISTRIBUTOR’S SHELVES 
FOR A PERIOD OF TIME; MUST THEY EVER 
BE RETESTED TO VALIDATE THAT THEY 
STILL MEET SLASH SHEET CHARACTER- 
ISTICS? 

A. Yes. Devices held by a manufacturer or by his 
authorized distributor which have a date 
code older than 24 months must be retested 
by the manufacturer in accordance with 
Group A sampling requirements prior to ship- 
ment to a customer or return to inventory. 

Q. WHY SHOULD A USER SPECIFY “X” IN 
THE LEAD FINISH DESIGNATION FOR A 
PART TYPE? 

A. A manufacturer who receives an order for a 
specific lead finish for which he is qualified 
but has no inventory at the time of order may 
not be abie to fill the order in a timely man- 
ner, even though he might have substantial 
inventory of another lead finish. Unless a 
user has a specific reason for wanting a par- 
ticular lead finish, he should allow his sup- 
pliers the flexibility of shipping whatever 
finish is available. 

Q. WHAT DATA IS A MANUFACTURER RE- 
QUIRED TO SHIP WITH A JAN PART? 

A. A certificate of conformance is all that is re- 
quired. However, he must retain all data for 
three years. 

Q. CAN A DEVICE FOR WHICH THERE IS NO 
SLASH SHEET BE PROCESSED TO MIL-M- 
38510? 

A. Since MIL-M-38510 invokes a combination of 
the processing requirements of MIL-STD-883 
and the detail device performance param- 
eters contained in each individual slash 
sheet, the answer is obviously no. However, 
National’s 883B/RETSTM program does pro- 
vide parts which meet all of the screening 
requirements of the MIL-STD-883 specifica- 
tion and which have been subjected to all of 
the MIL-M-38510 controls (except for 
domestic assembly). 
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TABLE III. SAMPLE MIL-M-38510 LISTING 


GOVERNMENT DESIGNATION 

TEST REPORT 
NUMBER 


DEVICE 

DEVICE 

CASE 

LEAD MATERIAL 

MANUFACTURER’S NAME 

TYPE* 

CLASS 

OUTLINE 

AND FINISH 


M3851 0/008 






01 

S only 

A 

C 

38510-953-81 

National Semiconductor Corp. 

01 

B 

0 

A 

38510-953-81 

National Semiconductor Corp. 

02 


D 

B 

38510-30-7T 


03 

B 

C 

A 

B 

38510-520-83 

National Semiconductor Corp. 


*‘‘M38510" is the military designator for MIL-M-3a510. The QPL shows this notation even though the parts are fully qualified devices and are 
marked JM3a510/XXXXXYYY. 


Q. WHAT DOES A QPL LISTING LOOK LIKE 
AND HOW DO YOU READ IT? 

A. Sample QPL listings are shown in Table III. 

JM3851 0/00801 SAC 
JM3851 0/00801 BOA 
JM38510/00801BCB 
JM38510/00801BDA 
JM38510/00801BDB 
JM38510/00802BCA 
JM38510/00802BCB 
JM38510/00802BDA 
JM38510/00802BDB 
JM38510/00803BCA 
JM38510/00803BCB 

Q. WHAT QUALITY CONFORMANCE TESTS 
ARE CONDUCTED? ARE ALL DEVICES IN 
A GENERIC FAMILY EVENTUALLY SUB- 
JECTED TO QUALITY CONFORMANCE 
TESTING? 

A. For B level devices quality conformance 
tests must be conducted as follows: 

Group A— Each inspection lot or sublot. 

Group B— Each inspection lot for each pack- 
age type and lead finish on each 
detail specification. 

Group C— Periodically at 3-month intervals 
on one device type or one inspec- 
tion lot from each mircocircuit 
group In which a manufacturer has 
qualified device types (die related 
tests). 

Group D— Periodically at a 6-month interval 
for each package type for which a 
manufacturer holds qualifications 
(package related tests). 

Different devices within a generic family are 
chosen for successive quality conformance 
tests until all of the devices have been sub- 
jected to testing. The sequence is then re- 
peated. The manufacturer must submit attri- 
butes data to DESC for all quality confor- 
mance tests performed. 


Q. HOW IS AN INSPECTION LOT DEFINED? 

A. For Class B devices, each inspection lot shall 
consist of microcircuits of a single device 
type, in a single package type and lead finish, 
or may consist of inspection sublots of sev- 
eral different device types, in a single pack- 
age type and lead finish, defined by a single 
detail specification. Each inspection lot shall 
be manufactured on the same production 
line(s) through final seal by the same produc- 
tion techniques, and to the same device 
design rules and case with the same material 
requirements, and sealed within the same 
period not exceeding 6 weeks. 

Q. WHAT IS NATIONAL SEMICONDUCTOR’S 
COMMITMENT TO MIL-M-38510? 

A. National Semiconductor is convinced that 
the level of standardization offered by a pro- 
gram like MIL-M-38510 is the key to long-term 
military component procurement viability. 
We have a corporate commitment to MIL-M- 
38510. We believe that the program will be of 
significant benefit in lessening the problem 
of product obsolescence, for the volume pro- 
vided will help to keep many key devices in 
production. We believe that the program will 
make possible the procurement of devices in 
small quantities with reasonable lead times 
for long-term spares or field maintenance 
requirements. 

National Semiconductor will continue to 
maintain a broad base of line certifications 
and an extensive li^t of Class B and Class S 
device qualifications. We will continue to 
work with the Department of Defense, con- 
cerned users, and other semiconductor man- 
ufacturers to update and redefine the appli- 
cable specifications. We feei that this level of 
support is essential if MIL-M-38510 is to re- 
main the strongest standardization program 
available. 

In addition, we will continue to add capacity 
and to build up substantial inventories Pf a 
large spectrum of products to ensure the 
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availability and the lead times that are 
needed for key military programs. 


National Mil/Aero Standardization 
Programs 

Your customer has imposed upon you re- 
quirements for product reliability that you must 
meet on every single component you buy. In 
most cases, these requirements mandate that 
you buy JAN MIL-M-38510 parts where they are 
available, and that all other devices must be as 
close to JAN as is achievable. We don’t consider 
this unreasonable. In fact, we believe that this is 
the only reasonable and intelligent approach. 

i 

To meet this objective, we designed our 883B/ 
RETS program around requirements that were 
already imposed for the MIL-M-38510 program.* 
We realize that there are many so-called stan- 
dardization programs available in the market- 
place which lack the compliance that you need. 
Our 883B/RETS program is totally compliant. We 
invite you to make this comparison between 
what we offer and what you need. Our screening 
flow, our 5% PDA, our quality conformance test 
frequency, and the other items that you consider 
important, match exactly the requirements 
defined in MIL-M-38510.** If they did not, we 
could not offer Total Standardization. 

Standardization provides the manufacturing effi- 
ciencies needed by the semiconductor manufac- 
turers if they are to meet military semiconductor 
needs. To the user, standardization offers the 
highest guarantee of quality and reliability’ 
through production consistency and uniformity. 
The most significant benefit of standardization 
to the Department of Defense, however, is that it 
ensures the availability of component level 
spares to key programs with the pricing, deliv- 
ery, and reliability needed for the field support 
and maintenance of our key defense electronics 
systems. 

National’s MIL-M-38510 Emphasis 

To implement this view of standardization, we 
have based our entire approach to military 
screening upon the Class S and Class B' require- 
ments of MIL-M-38510. We are convinced that to 
do less than this would be to provide an inferior 
product, one that does not meet the true needs 
of the Department of Defense. Our 883B/RETS 
microcircuits are processed through the most 
comprehensive and compliant Class B screen- 
ing program offered by any semiconductor man- 


* Requirements that were subsequently Incorporated into MIL- 
STD-883 

**and MIL-STD-883. 


ufacturer. We have tried to emulate MIL-M-38510 
to the fullest extent possible, with the same pro- 
duction controls, calibration schedules, rework 
and resubmission procedures, operator certifi- 
cation requirements, and all of the other key ele- 
ments of MIL-M-38510. The procedures that we 
employ in the production of MIL-M-38510 de- 
vices are used for all of the military devices we 
manufacture. 

Our 883S/RETS''’'^ microcircuits are processed 
through a screening flow that matchs the MIL-M- 
38510 Class S flow exactly. Our commitment to 
MIL-M-38510 Class S is such that once qualified 
for a given device type we will sell that part only 
as a JAN Class S part. Class S QPL listing will 
result in the immediate removal from production 
of the 883S/RETS version of the device. 

National’s Commitment 

But compliance flows are obviously meaning- 
less unless the capacity is in place to support 
them. We have the industry’s largest screening 
capacity. Over the past few years we have rein- 
vested substantial sums in additional capital 
equipment in both buildings and the equipment 
with which to fill those buildings. Our Tucson, 
Arizona plant was the first plant in the entire in- 
dustry to be totally dedicated to the production 
of military integrated circuits. We will continue 
to add capacity for military assembly and test, 
even during those periods when others turn 
away from the military marketplace in pursuit of 
what they view to be the more attractive com- 
mercial market. We feel that a commitment to 
the needs of the military/aerospace user com- 
munity should not be based upon the conditions 
encountered in the commercial marketplace. We 
have no plans for other than a continued long- 
term commitment to military/aerospace compo- 
nent production and screening. And we will not 
deviate from the highest standards of quality 
and reliability in our execution of that commit- 
ment. There are no shortcuts to semiconductor 
reliability. It can only be achieved through rigid 
adherence to established standards. 

However, we also acknowledge the quite obvi- 
ous fact that through refinement and redefini- 
tion, standards are subject to change. As those 
changes occur, we will update our current proce- 
dures to reflect the changes that find their way 
into MIL-M-38510 and MIL-STD-883. We will, 
where our understanding of semiconductor reli- 
ability and screening indicates the need, actively 
pursue those changes that we feel will allow our 
industry to provide a better product to the sys- 
tems manufacturers. We will also steadfastly 
resist those changes which we feel sacrifice reli 
ability to the less important question of 
expediency. 
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National’s Standard Programs 

MIL-M-38510 is the key military standardization 
program for ICs. National is equally committed 
to the support of the requirements of the space 
segment of the market for MIL-M-38510 Class S 
devices. To support these needs we have estab- 
lished dedicated Class S assembly and test 
facilities. The realization that users could not 
obtain all the device types they required through 
these programs led National’s Military/Aero- 
space Products Group to the development of 
two of the strongest and most compliant in- 
house programs in the industry. National pro- 
grams for 883B/RETS and 883S/RETS microcir- 
cuits provide the systems manufacturer with an 
easy mechanism for obtaining those devices not 
listed on the MIL-M-38510 QPL. In response to 
other user needs, National also developed a pro- 
gram for radiation hardened devices (both 
CMOS and linear), a comprehensive program for 
radiation susceptibility testing for Class S 
devices, and a program for the production of 
devices in leadless chip carriers (LCCs). 

RETS and Burn-In 

One of the primary advantages of MIL-M-38510 is 
its clear definition and standardization of elec- 
trical test and burn-in requirements. One of the 
major drawbacks seen in the standard reliability 
screening programs of most semiconductor 
manufacturers is that electrical testing is invari- 
ably performed to some document that is not 
available to the user. The user has the right to 
know what he is buying. At National that testing 
is never vague or undefined. Both in-house pro- 
grams (883B/RETS and 883S/RETS) are based 
upon a document called the RETS (an acronym 
for Reliability Electrical Test Specification. The 
RETS is a simplified but complete description of 
the testing performed as part of National’s stan- 
dard Rel electrical test programs, and is con- 
trolled by our QA department. The burn-in cir- 
cuits and electrical test parameters for the MIL- 
M-38510 Class S and Class B devices produced 
by National Semiconductor are defined by the 
applicable detail specification. 

Ordering ICs from National 

Ordering National Semiconductor High Reliabil- 
ity integrated circuits is very simple. National 
sales offices and sales representatives can pro- 
vide price and delivery information on our entire 
line of JM38510 Class B, JM38510 Class S, 883B/ 
RETS and 883S/RETS microcircuits. A large 
percentage of these devices are available from 
inventory at either the factory or at one of our 
many distributors. 


Ordering to Control Specifications 

We also acknowledge the fact that many military 
systems manufacturers must, for contractual 
purposes, maintain their own specifications for 
many of the devices that they purchase. We have 
no objection to the use of contractor prepared 
procurement specifications, for we have found 
that the majority of these documents are written 
in compliance with the requirements of MIL-M- 
38510. Where this is true, we have found that 
they are also totally compatible with our in- 
house standardization programs. Where draw- 
ings submitted to National differ from the 
requirements outlined in MIL-M-38510, we wel- 
come the opportunity to work with our custom- 
ers to develop specifications which do meet the 
intent of MlL-M-38510. 

Where customer specifications and our 883B/ 
RETS product specifications correspond, we 
have the ability to expedite delivery by adding 
the customer part number, in addition to the 
basic 883B/RETS part number. Customers who 
understand our program and wish to use the pro- 
gram in their parts procurement may order by 
placing “M/0” after their part number on their 
purchase order, thus allowing us to mark their 
part number on our 883B/RETS devices without 
the lengthy delay normally required for a com- 
prehensive specifications review cycle. We have 
tried to provide programs that offer the maxi- 
mum level of flexibility within the constraints of 
standardization. 

Standardization is the key to cost-effective pro- 
curement of high reliability semiconductor de- 
vices. National Semiconductor Corporation is 
committed to that standardization. 

Military Processing: A Corporate Commitment 

The National Semiconductor Military/Aerospace 
Products Division draws upon the total re- 
sources of National Semiconductor. National is 
one of the world’s largest manufacturers of 
semiconductor products, offering the largest 
number of product types available from any sin- 
gle source in the industry. This product line is 
growing faster than that of any other worldwide 
semiconductor manufacturer. Each new product 
is carefully evaluated for possible military/aero- 
space usage potential, and new product designs 
must comply with the reliability and quality con- 
straints required by that segment of the in- 
dustry. All new product designs are targeted to 
full military temperature range operation. 

In addition, a dedicated Reliability Engineering 
Department within the Military/Aerospace Prod- 
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ucts Division coordinates burn-in circuit design, 
test tape development, test fixturing, support 
documentation, and new product release paper- 
work to ensure the earliest possible introduction 
of fully compliant 883B/RETS versions of the 
new products introduced by the company. 

We are able to do this well, for National is no new- 
comer to this business. Founded in Danbury, 
Connecticut in 1959, National acquired an entire 
new management team in 1967 and moved cor- 
porate headquarters to Santa Clara, California. 
The new management team focused its atten- 
tion on the transistor product line, and rapidly 
made that line profitable. Then the company’s 
talents were turned to the development of linear, 
digital, and MOS integrated circuits — the 
fastest-growing segments of the semiconductor 
marketplace. Finally, an OEM representative and 
distributor network was established to develop 
and service a broad customer base, and facili- 
ties were added around the world to provide 
competitive products to worldwide markets. 

The Reliability Test Department was initially 
formed in 1968 and reported at that time to the 
Director of Quality Assurance. The Rel Depart- 
ment developed the same rapid growth rate that 
the company as a whole had shown. From a 
small staff occupying several thousand square 
feet in Santa Clara, these reliability test opera- 
tions grew until today they employ over 3000 
people worldwide. Well over 200,000 square feet 
are devoted to the testing and assembly of high 
reliability products. During 1981, the Military/ 
Aerospace Products Group became the Military/ 
Aerospace Products Division. The company is 
currently involved in a number of military re- 
search and development programs, including a 
Phase I VHSIC contract. 

VHSIC involvement was natural since National’s 
technological leadership has enabled the com- 
pany to consistently be one of the major sup- 
pliers of military/aerospace semiconductors. 
Having continued to develop a high technology 
image through the development of Megarad 
hardened CMOS and linear device types, and the 
development of Tricode''^’^ logic. National is now 
expanding technology frontiers in the areas of 
memory, microprocessor, and data acquisition 


products. As a result of all this innovation. 
National has become the only company in the 
entire semiconductor industry capable of pro- 
viding high reliability devices from all of the 
following product lines: 

linear 
* hybrid 
CMOS logic 
Megarad CMOS logic 
bipolar memory 
MOS RAMs 
CMOS RAMs 
MOS EPROMs 
CMOS EPROMs 
MOSEEPROMs 
data acquisition devices 
standard TTL 
low power TTL 
low power Schottky 
standard Schottky 
interface devices 
bipolar microprocessors 
MOS microprocessors 
CMOS microprocessors 
COPS''’'^ microcontrollers 
high-speed CMOS Schottky 
advanced low power Schottky 
advanced Schottky 

National Semiconductor has wafer fabrication 
plants in Santa Clara, California; Salt Lake City, 
Utah; Arlington, Texas; and Danbury, Connecti- 
cut. Many of these fabrication plants, along with 
our assembly and test lines in Santa Clara, Cali- 
fornia and T ucson, Arizona, have been fully certi- 
fied for the production of Class S and Class B 
MIL-M-38510 circuits. 

To support the requirements of the Class S mar- 
ketplace, we have our own SEM and radiation 
testing facilities. Our screening capabilities are 
backed up by one of the most extensive failure 
analysis labs in the industry. 

National is the leader in the military/aerospace 
integrated circuit market. We have achieved that 
leadership by offering an unmatched combina- 
tion of technology, product breadth, under- 
standing, commitment and capacity. 
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883B/883S/RETS Screening Flows 


WAFER FABRICATION & 
DEVICE ASSEMBLY 


PRECAP VISUAL INSPECTION 
MIL'STD-883 METHOD 2010 
CONDITION B 

l 

SEALING 1 

1 

STABLILIZATION BAKE 
MIL-STD-883 METHOD 1008 
CONDITION C 

t 

TEMPERATURE CYCLING 
MIL-STD-883 METHOD 1010 
CONDITION C 

1 

CONSTANT ACCELERATION 
MIL-STD-883 METHOD 2001 
CONDITION E (Y1 ONLY) 

1 

FINE LEAK TEST 
MIL-STD-883 METHOD 1014 
CONDITION A OR B 

T 

GROSS LEAK TEST 
MIL-STD-883 METHOD 1014 
CONDITION C 


INTERIM ELECTRICALS AT 
-f25"C DC PER RETS 
(AT MANUFACTURER'S OPTION) 

I 

BURN-IN TEST MIL-STD-883 
METHOD 1QIS. CONDITION A. B. 

C OH D. 160 HOURS AT 125°C 
OR EQUIVALENT 

1 

INTERIM ELECTRICALS 

25”C DC PER RETS 

PDA = 5V. 

i 

FINAL ELECTRICAL TEST 

PER NSC RETS 
-H25«C. -55'C OC 
(INCLUDES FUNCTIONAL 
TESTS) -f25»C AC 

i 

QUALITY CONFORMANCE TESTING 
GROUP A - EACH SUBLOT 

GROUP B - EACH LOG 

GROUP C — EVERY 90 DAYS PER 
MICROCIRCUIT 
GROUP 

GROUP D - EVERY 6 MONTHS 
PER PACKAGE TYPE 

1 " ■■ 

EXTERNAL VISUAL 
MIL-STD-883 METHOD 2009 

* 

NATIONAL OFF-THE-SHELF 
INVENTORY PROGRAM 


FIGURE 1: NATIONAL’S 883B/RETS CLASS B 
SCREENING FLOW 


NOTES; 

1. ALL METHODS REFERENCED ARE MIL-STD-883 TEST METHODS. 

2. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS. ALL OTHER 
TESTS ARE PERFORMED 10D%. 

3. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH 
MIL-M-38S10. 

4. THE PDA FOR STATIC I AND STATIC II BURN-IN SHALL BE 5% 
TOTAL. 

5. THE PDA INCLUDES A FAILURES. 

6. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B 
MAY BE PERFORMED ON-LINE. 

7. ALL ELECTRICAL TESTING SHALL BE IN ACCORDANCE WITH THE 
APPLICABLE RETS OR THE APPLICABLE MIL-S-38510 DETAIL 
SPECIFICATION. 



FIGURE 2: NATIONAL’S 883S/RETS CLASS S 
SCREENING FLOW 


NOTE 2 

NOTE 2 

NOTE 2 


NOTE 3 

NOTE? 

note: 

NOTE 7 

NOTES 5, 7 

NOTE 5 

NOTE 7 


NOTES 2. 6 
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CD40XX, 54CXX Product Availability 


are brought on board, notification wiii take piace 
through news reieases. For further data on the 
The foliowing iist of products represents what is products and families, please contact your local 
currently available for 883B. As new products sales office. 


PACKAGE CROSS REFERENCE 


NSC 

RCA EQUIVALENT 

MOTOROLA EQUIVALENT 

PACKAGE 

ORDER NUMBER 

DESIGNATION 

DESIGNATION 

CD40XXMJ/883B 

CD40XXAF 

MC140XXAL 

Cavity DIP (J) 

CD40XXMD*/883B 

CD40XXAD 

— 

Cavity DIP (D) 

CD40XXMW/883B 

CD40XXAK 

— 

Cavity Flatpack (W) 

CD40XXMF*/883B 

— 

— 

Cavity Flatpack (F) 

CD40XXMEV883B 

CD40XXAL 

MC140XXAZ 

Leadless Ceramic Pack(E) 

•Contact marketing for current status. 

For B series, NSC order number is CD40XXBMX/883B. 




INDUSTRY ID 


CD4000MJ/883 

CD4000MW/883 

CD4001BMJ/883 

CD4001 BMW/883 

CD4001MJ/883 

CD4001 MW/883 

CD4002BMJ/883 

CD4002BMW/883 

CD4002MJ/883 

CD4002MW/883 

CD4006BMJ/883 

CD4006BMW/883 

CD4006MJ/883 

CD4006MW/883 

CD4007MJ/883 

CD4007MW/883 

CD4008BMJ/883 

CD4008BMW/883 

CD4009MJ/883 

CD4009MW/883 

CD4010MJ/883 

CD4010MW/883 

CD40106BMJ/883 

CD40106BMW/883 

CD4011BMJ/883 

CD4011 BMW/883 

CD4011MJ/883 

CD4011 MW/883 

CD4012BMJ/883 

CD4012BMW/883 

CD4012MJ/883 

CD4012MW/883 

CD4014BMJ/883 

CD4014ABMW/883 

CD4014MJ/883 

CD4014MW/883 

CD4015BMJ/883 

CD4015BMW/883 

CD4015MJ/883 

CD4015MW/883 


NSC ID 


MM4600AJ/883 

MM4600AW/883 

MM4601BJ/883 

MM4601BW/883 

MM4601AJ/883 

MM460AW/883 

MM4602BJ/883 

MM4602BW/883 

MM4602BJ/883 

MM4602AW/883 

MM4606BJ/883 

MM4606BW/883 

MM4606AJ/883 

MM4606AW/883 

MM4607AJ/883 

MM4607AW/883 

MM4608BJ/883 

MM4608BW/883 

MM4609AJ/883 

MM4609AW/883 

MM4610AJ/883 

MM4610AW/883 

MM54C14J/883 

MM54C14W/883 

MM4611BJ/883 

MM4611BW/883 

MM4611AJ/883 

MM4611 AW/883 

MM4612BJ/883 

MM4612BW/883 

MM4612AJ/883 

MM4612AW/883 

MM4614BJ/883 

MM4614BW/883 

MM4614AJ/883 

MM4614AW/883 

MM4615BJ/883 

MM4615BW/883 

MM4615AJ/883 

MM4615AW/883 


INDUSTRY ID 


CD4016BMJ/883 

CD4016MJ/883 

CD4016MW/883 

CD40160BMJ/883 

CD40160BMW/883 

CD40161BMJ/883 

CD401 61 BMW/883 

CD40162BMJ/883 

CD40162BMW/883 

CD40163BMJ/883 

CD40163BMJ/883 

CD4017BMW/883 

CD40175BMJ/883 

CD40175BMW/883 

CD4018BMW/883 

CD4019BMW/883 

CD40192BMJ/883 

CD40192BMW/883 

CD40193BMJ/883 

CD40193BMW/883 

CD40195BMW/883 

CD4020BMJ/883 

CD4020BMW/883 

CD4020MW/883 

CD4021BMJ/883 

CD4021MJ/883 

CD4021 MW/883 

CD4022BMW/883 

CD4023BMJ/883 

CD4023BMW/883 

CD4023MJ/883 

CD4023MW/883 

CD4024BMW/883 

CD4025BMJ/883 

CD4025BMW/883 

CD4025MJ/883 

CD4025MW/883 

CD4027BMW/883 

CD4028BMW/883 

CD4029BMW/883 


NSC ID 


MM4616BJ/883 

MM4616AJ/883 

MM4616AW/883 

MM54C160J/883 

MM54C160W/883 

MM54C161J/883 

MM54C161W/883 

MM54C162J/883 

MM54C162W/883 

MM54C163J/883 

MM54C163W/883 

MM4617BW/883 

MM54C17J/883 

MM54C175W/883 

MM4618BW/883 

MM4619BW/883 

MM54C192J/883 

MM54C192W/883 

MM54C193J/883 

MM54C193W/883 

MM54C195W/883 

MM4620BJ/883 

MM4620BW/883 

MM4620AW/883 

MM4621BJ/883 

MM4621AJ/883 

MM4621 AW/883 

MM4622BW/883 

MM4623BJ/883 

MM4623BW/883 

MM4623AJ/883 

MM4623AW/883 

MM4624BW/883 

MM4625BJ/883 

MM4625BW/883 

MM4625AJ/883 

MM4625AW/883 

MM4627BW/883 

MM4628BW/883 

MM4629BW/883 
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INDUSTRY ID 


CD4030MJ/883 

CD4030MW/883 

CD4031 BMW/883 

CD4034BMF/883 

CD4034BMJ/883 

CD4035BMJ/883 

CD4035BMW/883 

CD4035MJ/883 

CD4040BMJ/883 

CD4040BMW/883 

CD4040MJ/883 

CD4040MW/883 

CD4041MJ/883 

CD4041 MW/883 

CD4042BMW/883 

CD4043BMJ/883 

CD4043MJ/883 

CD4043MW/883 

CD4044MJ/883 

Cb4044MW/883 

CD4046BMJ/883 

CD4047BMW/883 

CD4048BMW/883 

CD4048MW/883 

CD4049MJ/883 

CD4049MW/883 

CD4049UBMJ/883 

CD4049UBMW/883 

CD4050BMW/883 

CD4051 BMW/883 

CD4052BMW/883 

CD4053BMW/883 

CD4060BMJ/883 

CD4060BMW/883 

CD4066BMJ/883 

CD4066BMW/883 

CD4066MJ/883 

CD4069MJ/883 

CD4069MW/883 

CD4070BMJ/883 

CD4070BMW/883 

CD4071BMJ/883 

CD4071 BMW/883 

CD4072BMJ/883 

CD4072BMW/883 

CD4073BMJ/883 

CD4073BMW/883 

CD4075BMJ/883 

CD4075BMW/883 

CD4076BMJ/883 

CD4076BMW/883 

CD4081BMJ/883 

CD4081 BMW/883 

CD4089BMJ/883 

CD4089BMW/883 

CD4093BMJ/883 

CD4093BMW/883 

CD4099BMJ/883 

MM54C00J/883 

MM54C00W/883 


NSC ID 


MM4630AJ/883 

MM4630AW/883 

MM4631BW/883 

MM4634BF/883 

MM4634BJ/883 

MM4635BJ/883 

MM4635BW/883 

MM4635BJ/883 

MM4640BJ/883 

MM4640BW/883 

MM4640AJ/883 

MM4640AW/883 

MM4641AJ/883 

MM4641 AW/883 

MM4642BW/883 

MM4643BJ/883 

MM4643AJ/883 

MM4643AW/883 

MM4644AJ/883 

MM4644AW/883 

MM4646BJ/883 

MM4647BW/883 

MM4648BW/883 

MM4648BW/883 

MM4649AJ/883 

MM4549AW/883 

MM4649UBJ/883 

MM4649UBW/883 

MM4650BW/883 

MM4651BW/883 

MM4652BW/883 

MM4653BW/883 

MM4660BJ/883 

MM4660BW/883 

MM4666BJ/883 

MM4666BW/883 

MM4666BJ/883 

MM54C04J/883 

MM54C04W/883 

MM54C86J/883 

MM54C86W/883 

MM4671BJ/883 

MM4671BW/883 

MM4672BJ/883 

MM4672BW/883 

MM4673BJ/883 

MM4673BW/883 

MM4675BJ/883 

MM4675BW/883 

MM54C173J/883 

MM54C173W/883 

MM4681BJ/883 

MM4681BW/883 

MM4689BJ/883 

MM4689BW/883 

MM4693BJ/883 

MM4693BW/883 

MM4699BJ/883 

MM54C00J/883 

MM54C00W/883 


INDUSTRY ID 


MM54C02J/883 

MM54C02W/883 

MM54C04J/883 

MM54C04W/883 

MM54C08J/883 

MM54C08W/883 

MM54C10J/883 

MM54C10W/883 

MM54C107J/883 

MM54C14J/883 

MM54C14W/883 

MM54C150F/883 

MM54C150J/883 

MM54C151J/883 

MM54C151W/883 

MM54C154J/883 

MM54C157J/883 

MM54C157W/883 

MM54C160J/883 

MM54C160W/883 

MM54C161J/883 

MM54C161W/883 

MM54C162J/883 

MM54C162W/883 

MM54C163J/883 

MM54C163W/883 

MM54C164J/883 

MM54C165J/883 

MM54C165W/883 

MM54C173J/883 

MM54C173W/883 

MM54C175J/883 

MM54C175W/883 

MM54C192J/883 

MM54C192W/883 

MM54C193J/883 

MM54C193W/883 

MM54C195J/883 

MM54C195W/883 

MM54C20J/883 

MM54C20W/883 

MM54C200D/883 

MM54C221J/883 

MM54C221W/883 

MM54C30J/883 

MM54C30W/883 

MM54C32J/883 

MM54C32W/883 

MM54C373J/883 

MM54C374J/883 

MM54C42J/883 

MM54C42W/883 

MM54C48J/883 

MM54C48W/883 

MM54C73J/883 

MM54C73W/883 

MM54C74J/883 

MM54C74W/883 

MM54C76J/883 

MM54C76W/883 


NSC ID 


MM54C02J/883 

MM54C02W/883 

MM54C04J/883 

MM54C04W/883 

MM54C08J/883 

MM54C08W/883 

MM54C10J/883 

MM54C10W/883 

MM54C107J/883 

MM54C14J/883 

MM54C14W/883 

MM54C150F/883 

MM54C150J/883 

MM54C151J/883 

MM54C151W/883 

MM54C154J/883 

MM54C157J/883 

MM54C157W/883 

MM54C160J/883 

MM54C160W/883 

MM54C161J/883 

MM54C161W/883 

MM54C162J/883 

MM54C162W/883 

MM54C163J/883 

MM54C163W/883 

MM54C164J/883 

MM54C165J/883 

MM54C165W/883 

MM54C173J/883 

MM54C173W/883 

MM54C173J/883 

MM54C175W/883 

MM54C192J/883 

MM54C192W/883 

MM54C193J/883 

MM54C193W/883 

MM54C195J/883 

MM54C195W/883 

MM54C20J/883 

MM54C20W/883 

MM54C200D/883 

MM54C221J/883 

MM54C221W/883 

MM54C30J/883 

MM54C30W/883 

MM54C32J/883 

MM54C32W/883 

MM54C373J/883 

MM54C374J/883 

MM54C42J/883 

MM54C42W/883 

MM54C48J/883 

MM54C48W/883 

MM54C73J/883 

MM54C73W/883 

MM54C74J/883 

MM54C74W/883 

MM54C76J/883 

MM54C76W/883 


15 
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INDUSTRY ID 

NSC ID 

INDUSTRY ID 

NSC ID 

MM54C83J/883 

MM54C83J/883 

MM54C903W/883 

MM54C903W/883 

MM54C85J/883 

MM54C85J/883 

MM54C904J/883 

MM54C904J/883 

MM54C85W/883 

MM54C85W/883 

MM54C904W/883 

MM54C904W/883 

MM54C86J/883 

MM54C86J/883 

MM54C905J/883 

MM54C905J/883 

MM54C86W/883 

MM54C86W/883 

MM54C906J/883 

MM54C906J/883 

MM54C89J/883 

MM54C89J/883 

MM54C906W/883 

MM54C906W/883 

MM54C89W/883 

MM54C89W/883 

MM54C907J/883 

MM54C907J/883 

MM54C90J/883 

MM54C90J/883 

MM54C907W/883 

MM54C907W/883 

MM54C901J/883 

MM54C901J/883 

MM54C914J/883 

MM54C914J/883 

MM54C901W/883 

MM54C901W/883 

MM54C914W/883 

MM54C914W/883 

MM54C902J/883 

MM54C902J/883 

MM54C93J/883 

MM54C93J/883 

MM54C902W/883 

MM54C902W/883 

MM54C941J/883 

MM54C941J/883 

MM54C903J/883 

MM54C903J/883 

MM54C95J/883 

MM54C95J/883 


54HC/54HCT Product Availability 

The following list of products represents what is 
currently available for 883B. As new products 


are brought on board, notification will take place 
through news releases. For further data on the 
products and families, please contact your local 
sales office. 


PACKAGE CROSS REFERENCE 


NSC ORDER NUMBER 

MOTOROLA EQUIVALENT DESIGNATION 

PACKAGE 

54HC/HCTXXJ/883B 

54HC/HCTXXBCAJC 

Cavity DIP(J-14) 

54HC/HCTXXJ/883B 

54HC/HCTXXBEAJC 

Cavity DIP(J-16) 

54HC/HCTXXJ/883B 

54HC/HCTXXBRAJC 

Cavity DIP (J-20) 

54HC/HCTXXJ/883B 

54HC/HCTXXBJAJC 

Cavity DIP (J-24) 

54HC/HCTXXW/883B 

— 

Cavity Flatpack (W) 

54HC/HCTXXE*/883B 

54HC/HCTXXBZAJC 

Leadless Ceramic Pack(E) 

‘Contact marketing for current status. 


INDUSTRY ID 


MM54HC00J/883 

MM54HC00W/883 

MM54HC02J/883 

MM54HC02W/883 

MM54HC04J/883 

MM54HC04W/883 

MM54HC08J/883 

MM54HC08W/883 

MM54HC10J/883 

MM54HC10W/883 

MM54HC107J/883 

MM54HC107W/883 

MM54HC11J/883 

MM54HC11W/883 

MM54HC112J/883 

MM54HC112W/883 

MM54HC113J/883 

MM54HC113W/883 

MM54HC123J/883 

MM54HC123W/883 

MM54HC133J/883 

MM54HC133W/883 

MM54HC138J/883 

MM54HC138W/883 


NSC ID 


MM54HC00J/883 

MM54HC00W/883 

MM54HC02J/883 

MM54HC02W/883 

MM54HC04J/883 

MM54HC04W/883 

MM54HC08J/883 

MM54HC08W/883 

MM54HC10J/883 

MM54HC10W/883 

MM54HC107J/883 

MM54HC107W/883 

MM54HC11J/883 

MM54HC11W/883 

MM54HC112J/883 

MM54HC112W/883 

MM54HC113J/883 

MM54HC113W/883 

MM54HC123J/883 

MM54HC123W/883 

MM54HC133J/883 

MM54HC133W/883 

MM54HC138J/883 

MM54HC138W/883 


INDUSTRY ID 


MM54HC139J/883 

MM54HC139W/883 

MM54HC14J/883 

MM54HC14W/883 

MM54HC147J/883 

MM54HC147W/883 

MM54HC151J/883 

MM54HC151W/883 

MM54HC153J/883 

MM54HC153W/883 

MM54HC154J/883 

MM54HC154W/883 

MM54HC157J/883 

MM54HC157W/883 

MM54HC158J/883 

MM54HC158W/883 

MM54HC160J/883 

MM54HC160W/883 

MM54HC161J/883 

MM54HC161W/883 

MM54HC163W/883 

MM54HC164J/883 

MM54HC164W/883 

MM54HC165J/883 


NSC ID 


MM54HC139J/883 

MM54HC139W/883 

MM54HC14J/883 

MM54HC14W/883 

MM54HC147J/883 

MM54HC147W/883 

MM54HC151J/883 

MM54HC151W/883 

MM54HC153J/883 

MM54HC153W/883 

MM54HC154J/883 

MM54HC154W/883 

MM54HC157J/883 

MM54HC157W/883 

MM54HC158J/883 

MM54HC158W/883 

MM54HC160J/883 

MM54HC160W/883 

MM54HC161J/883 

MM54HC161W/883 

MM54HC163W/883 

MM54HC164J/883 

MM54HC164W/883 

MM54HC165J/883 
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INDUSTRY ID NSC ID 


INDUSTRY ID NSC ID 


MM54HC165W/883 

MM54HC174J/883 

MM54HC174W/883 

MM54HC175J/883 

MM54HC175W/883 

MM54HC192J/883 

MM54HC192W/883 

MM54HC193J/883 

MM54HC193W/883 

MM54HC20W/883 

MM54HC240J/883 

MM54HC240W/883 

MM54HC242J/883 

MM54HC242W/883 

MM54HC243J/883 

MM54HC243W/883 

MM54HC244W/883 

MM54HC245J/883 

MM54HC245W/883 

MM54HC251J/883 

MM54HC251W/883 

MM54HC259J/883 

MM54HC259W/883 

MM54HC27J/883 

MM54HC27W/883 

MM54HC299J/883 

MM54HC299W/883 


MM54HC165W/883 

MM54HC174J/883 

MM54HC174W/883 

MM54HC175J/883 

MM54HC175W/883 

MM54HC192J/883 
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RADIATION HARDENED TECHNOLOGIES 
FROM NATIONAL SEMICONDUCTOR 


For many years, military, aerospace and satellite 
programs have depended on bipolar transistor 
and integrated circuit technology in the fabrica- 
tion of airborne systems. Development of bi- 
polar technology is an outgrowth, in part, of avi- 
onics and space applications needs. Despite 
their relatively high immunity or resistance to 
high levels of both constant and burst radiation 
in the form of gamma rays, x-rays, cosmic rays, 
and so on, bipolar dpvices have two drawbacks: 
a susceptibility to damage from neutron fluxes, 
and high power consumption, which adds to the 
power supply requirements and subtracts from 
the usable payload of spacecraft and missiles. 
In addition, recent decreases iri bipolar feature 
sizes and changes in bipolar design and fabrica- 
tion techniques have led to bipolar devices 
which exhibit the same level of susceptibility to 
ionizing radiation that had historically been 
seen in MOS devices. The spacecraft and mis- 
sile industry has long needed a radiation hard- 
ened logic technology with low power consump- 
tion that would readily lend itself to reliable 
fabrication processes with reasonable repeat- 
ability. The purpose of this brochure is to pro- 
vide some information to the potential user re- 
garding National Semiconductor’s solutions to 
radiation problems. 

CMOS Radiation Hardened Products 


hardening process that is compatible with vol- 
ume processing. Products hardened to with- 
stand 10 megarads [devices capable of tolerat- 
ing total dose radiation of 10^ rads (Si)] are the 
result of an intensive multi-year research and de- 
velopment program in cooperation with Sandia 
Laboratories (Albuquerque, NM). This program 
has enabled National Semiconductor to offer 
radiation hard versions of virtually our entire 
metal-gate CMOS product line. 

Devices ranging in complexity from simple 
gates to large scale Integration (LSI) random 
access memories have been hardened using the 
processes we developed. The achievement of 
this level of radiation resistance in a mass pro- 
duction CMOS process required that we imple- 
ment major modifications to the basic commer- 
cial process, in the gate oxidation, substrate and 
P-tub surface concentrations, and metallization. 
We are currently in the process of research and 
development efforts aimed at extending these 
radiation improvements into complex metal gate 
devices (such as analog-to-digital converters 
and gate arrays), and into silicon gate pro- 
cesses. This will enable us to provide radiation 
hardened devices within our 54HC logic family, 
our P^CMOS memories and microprocessors, 
and our M^CMOS gate arrays. 


Over the years, the development of sophisti- 
cated space, satellite and military systems and 
mission requirements fostered an active search 
fora radiation hardened logic circuit technology 
that consumes less power and offers a higher 
degree of circuit integration on a single silicon 
chip. Metal oxide semiconductor (MOS) devices, 
particularly complementary MOS (CMOS), pro- 
vided just such an alternative. But standard 
CMOS devices, even those qualified to MIL-M- 
38510 (JAN) requirements, proved sensitive to 
relatively low levels of gamma (or total dose) 
radiation, as low in many cases as 3x 10^ rads 
(Si)''. Early generations of mass-producible spe- 
cifically radiation hardened CMOS devices were 
able to withstand only 10® rads (Si), while many 
space, satellite and missile systems require cir- 
cuitry resistance levels at least ten times higher, 
10® rads (Si). 

National Semiconductor developed a solution to 
this problem: a complete line of megarad hard- 
ened CMOS logic products utilizing a radiation 


1. One rad (SI) Is the quantity of any type of Ionizing radiation 
which Imparts 100 ergs of energy per gram of silicon. 


Bipolar vs. CMOS 

Bipolar devices and CMOS devices respond dif- 
ferently to different forms of radiation as a re- 
sult of basic differences in both structure and 
operation. As Figure 1 shows, bipolar devices 
depend upon the diffusion of minority carriers 
for current flow through the base region. When 
bipolar devices are subject to neutron irradia- 
tion, the resulting crystal damage decreases 
minority carrier lifetime, causing severe perfor- 
mance degradation. On the other hand, bipolar 
devices are usually relatively insensitive to sur- 
face effects resulting from charge buildup In the 
oxide layer. Thus ionizing radiation has little ef- 
fect on many bipolar structures. However, some 



FIGURE 1: BIPOLAR 1C TRANSISTOR 


15-16 



recently developed bipolar technologies contain 
unhardened parasitic MOS structures as a result 
of the oxide isolations and walled emitter pro- 
cesses that they utilize. 

CMOS devices (see Figure 2) are surface effect 
devices. The equivalent operating elements, 
gate, source and drain, are at the surface, and 
the flow of current occurs horizontally across 
the device, very close to the silicon/silicon- 
dioxide interface. Their characteristics are de- 
termined by electrostatic conditions at the sili- 
con/silicon-dioxide interface. Carriers originate 
in the source region, and CMOS devices depend 
upon majority carriers for their operation. They 
are therefore not seriously affected by the 
minority carrier lifetime degradation resulting 
from neutron irradiation. They are, however, sus- 
ceptible to charge in the oxide or at the oxide- 
substrate interface. Although gamma radiation 
will ionize both the oxide and the substrate, the 
resulting ionic charge cannot become trapped in 
the relatively conductive substrate as easily as it 
can be trapped in the insulating oxide. CMOS 
devices are therefore much more susceptible 
than bipolar devices to degradation from gamma 
radiation. 



FIGURE 2: CMOS 1C TRANSISTOR 


CMOS 1C Transistor Structures 

Complementary MOS, or CMOS, combines two 
types of MOS devices, P-channel and N-channel 
structures, into a single functioning unit. The 
lower power dissipation and high stability re- 
sulting from this complementary combination is 
particularly attractive in the design of portable 
battery-powered electronic units, or for applica- 
tions where a battery provides standby power. 

MOS structures, both N- and P-types, perform in 
two modes; enhancement and depletion. In an 
N-channel enhancement mode MOS device, for 
example, the gate controls the current flow be- 
tween the source and drain. In this device, when 
a positive voltage is applied to the gate with re- 
spect to the source, a field is set up across the 
gate dielectric, producing a negatively charged 
conductive path, a channel, between the source 
and the drain. This is known as an enhancement 
mode device because zero gate to source volt- 


age turns off the device. In the alternative mode, 
depletion, current flows despite the gate voltage 
being zero, because sufficient charge is present 
at the siiicon/siiicon-dioxide interface to induce 
a conductive path between the device source 
and drain regions. The P-channel MOS transistor 
is simiiar to the N-channel alternative, except 
that negative voltage applied to the gate, with 
respect to source, induces a positively charged 
conductive path between source and drairi to 
turn the device on. 

Conventional CMOS logic circuits are produced 
with only enhancement mode N- and P-channel 
devices. The process is designed to give turn on 
(threshold) voltage values for both types of de- 
vices which insure proper circuit performance. 
Figure 3 illustrates the cross section of a CMOS 
structure connected in a simple Inverter config- 
uration. To form the standard metal gate CMOS 
structure, a lightly doped P-tub is formed by dif- 
fusion into an N-type substrate with the tub be- 
coming the substrate for the N-channel transis- 
tor. The N-t- andP^- impurities are diffused into 
P-tub and N-substrates to become the N- and P- 
channel transistors’ source and drairi regions, 
respectively. These diffusions also serve as con- 
tacting regions to the positively biased N-sub- 
strate and the normally grounded P-tub regions 
(Vdd and Vgs. respectively). 


V|N 



FIGURES: CMOS TRANSISTOR STRUCTURE 
IN SIMPLE INVERTER 
CONFIGURATION 

A gate oxide is grown such that a thin film of di- 
electric oxide material bridges all source/drain 
regions. Finally, contact apertures are etched to 
the source/drain regions and an aluminum film 
evaporated and etched to form gate electrodes, 
contacts to device terminals, and interconnect- 
ing conductor lines. 

Effects of Ionizing Radiation 

A CMOS transistors’ radiation resistance is 
primarily determined by formation of the gate 
structures in both P-channel and N-channel de- 
vices. The gate structures are used to turn the 
MOS devices on or off; that is, to enable or pre- 
vent a flow of current from the source to the 
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drain. Ionizing radiation induces unwanted posi- 
tive charge into the gate oxide structure, result- 
ing in lower threshold voltages for both actual 
circuit devices and parasitic field oxide devices 
by as much as 30V or more. Figure 4 shows the 
charge buildup mechanisms in an N-channel 
gate oxide during irradiation under worst-case 
bias. In establishing a radiation hardened CMOS 
process, it is necessary to incorporate proces- 
sing steps which minimize these radiation- 
induced shifts in critical locations of the 1C 
structure. 



FIGURE 4: CHARGE BUILDUP MECHANISMS 
IN AN N-CHANNEL GATE OXIDE 
DURING IRRADIATION UNDER 
WORST-CASE BIAS 

The impact of radiation-induced oxide charge on 
operating CMOS devices is to decrease the N- 
channel threshold voltage, Vjn, and increase the 
magnitude of the P-channel threshold voltage, 
V-pp. The most serious problem occurs when suf- 
ficient reduction in Vj^ occurs to cause the 
N-channel device to go from enhancement to de- 
pletion mode operation. This results in exces- 
sive power supply current drain and loss of cir- 
cuit functionality. The most severe stress on an 
N-channel device occurs when its gate is posi- 
tively biased during irradiation. This causes pos- 
itive charge in the oxide to be driven closer to 
the Si-Si 02 interface where it is more effective 
in causing inversion at the P-type substrate 
surface. 

In normal operation, positive bias cannot appear 
between the gate and substrate of P-channel 
devices because the substrate is already at the 
most positive circuit potential, Voq. The abso- 
lute value of Vjp always increases with exposure 
to irradiation, and the magnitude of the shift is 
usually smaller than the Vj^ shift. The effect of 
the V-TN is less deleterious to circuits, however, 
since the devices will never reach depletion 
mode. 


CMOS Process Modification 

Gate Oxidation 

To minimize both the radiation-induced positive 
oxide charge and formation of Si-Si 02 interface 
states, a dry oxidation step is used. The gate 
oxide is thermally grown in a dry oxygen atmo- 
sphere at 1000‘’C, followed by a nitrogen anneal 
at SSO'C. This cycle has been empirically found 
to produce oxides having a high degree of resis- 
tance to ionizing radiation effects as well as ex- 
cellent pre-radiation MOS characteristics.^ The 
need to thermally grow gate oxides at 1000°C in 
dry oxygen for optimal radiation hardness is one 
of the more intriguing aspects of this experi- 
mentally deduced cycle. 

Metallization 

A by-product of the E-beam aluminum evapora- 
tion process commonly used in commercial 1C 
fabrication is soft X-radiation. This radiation pro- 
duces the same type of positive charge in the 
gate oxide and interface states which a radiation 
hardened oxide should resist. Although these 
harmful effects in the gate oxide can be removed 
by an anneal cycle, the annealled devices are 
significantly less resistant to subsequent ioniz- 
ing radiation. Use of a non-E-beam metallization 
technique circumvents the problem of high 
threshold shifts due to irradiation under zero 
' and negative gate bias associated with soft 
X-ray damage. For this reason, induction heated 
evaporation of aluminum is used to fabricate 
radiation hardened CMOS products. 

Substrate and P-Tub Surface 

The deleterious effect of ionizing radiation on 
VjN and V-Tp values in a CMOS device can be 
minimized through process modification. In an- 
ticipatign of these threshold voltage shifts, radi- 
ation hardened CMOS devices are designed with 
the initial value of Vtn as high as possible and 
Vjp as close to zero as possible without sacrific- 
ing pre-radiation circuit performance. Both the 
substrate resistivity and the P-tub surface con- 
centration have been modified with the initial 
value of VjN being increased to 1.8 volts from 
the standard value of 1.3 volts and V-j-p being 
changed from the standard - 1.7 volts to - 1.3 
volts. 


2. W. R. Dawes, Jr., G. F. Derbenwich and B. L Gregory, "Pro- 
cess Technology for Radiation Hardened CMOS Integrated 
Circuits," IEEE Journal of Solid State Circuits, SC-11, No. 4, 
p. 459, August 1976. 
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Performance Characteristics 

Extended Total Dose Rate [to 10° Rads (Si)] 

Data generated in the course of our testing indi- 
cates that the resistance of our CMOS products 
extends at least one order of magnitude above 
the 10^ level we now offer. Figure 5 illustrates 
measured shifts from pre-irradiation values in 
P-and N-channel threshold voltage, V-^p and Vjfg, 
respectively, up to total dose levels of 10° rads 
(Si). Of special interest is the change in slope of 
the V-j-N versus dose characteristic at levels just 
above the 10° rads (Si). At this level, a reduction 
in the net positive charge trapped in the gate 
oxide is observed. This causes Vjn to-return 


toward its initial value as dose level is increased 
even further while increases in V-^p still remain 
within reasonable limits for satisfactory circuit 
operation. 

The distributions of the and V-pp data are 
found to be normal both before and after irradia- 
tion. The mean value of and Vjp, and the 
standard deviation from the mean for both N- 
and P-channel devices, remain fairly constant 
from the unirradiated state through 10° rads (Si) 
dosage. The values shown remain well above the 
300mV Vtn lower limit, below which the device 
would tend toward N-channel depletion mode 
behavior with a risk of lost circuit functionality 
as well as excessive supply current drain. 



10 ° 10 ^ 10 ° 10 ° 10 ^ 10 ° 
TOTAL DOSE (RADS Si) 

FIGURE 5: VARIATION OF AND Vjp WITH RADIATION 


Figure 6 illustrates the supply quiescent current 
(Iss) variation as a function of dose. Since Iss is a 
function of die size, curves have been plotted for 
three levels of integration, SSI, MIS, and LSI. In 
all cases, the leakage level at 10° rads (Si) does 
not increase by more than an order of magnitude 
from the initial value. The 30/iA reading at 10° 
rads (Si) for LSI is far below the high tempera- 
ture (125‘’C) specification of 600/xA for standard 
devices. Similar comparisons can be made for 
MSI and SSI. 



FIGURES: Igs VS. DOSE 
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Figure 7 illustrates circuit propagation delay, 
tpo, as a function of dose. The plot, similar to 
Figure 6, is divided into three categories (LSI, 
MSI, and SSI). The propagation delay value at 10® 
rads (Si) for all three categories increased 
roughly 20-25% from the initial value, well with- 
in desirable operating tolerances. In Figures 5 
through 7, the biasing conditions during irradia- 
tion were: Vdd= 10V, V|n = 10V, Vss = 0V. 


C, = 50 pF 



FIGURE 7: tpo VS. DOSE 


Hardness Assurance and Reliability 

Sampling plans have been established to ensure 
radiation hardness to 10®, 10®, or 10^ rads (Si), as 
applicable, since ionizing radiation degrades 1C 
performance and irradiated devices cannot be 
used for production (thus making 100% screen- 
ing impossible). In addition, an ongoing program 
has been established to "evaluate the reliability 
characteristics of radiation hardened CMOS 
circuits. 476 devices of the CD4001AD-RH, 
CD4011AD-RH, and MM54C200-RH types were 
initially tested and operated for over 800,000 
hours without a failure. This corresponds to a 
failure rate less than 0.125%/1000 hours at 
125“C with a 60% confidence level. The continu- 
ing testing is aimed at verifying 10,000 hours per 
device of reliable operation. 

Table I outlines National Semiconductor’s Radi- 
ation Hardness Assurance Sampling Plan, which 
is totally compliant with MIL-STD-883, Method 
1019. This plan is used to assure hardness of 
devices built from a given wafer or inspection 
lot. Sample devices are assembled in accor- 
dance with sampling plan A or B. Sample de- 
vices are tested, irradiated, and retested, and 
must pass the appropriate post-radiation elec- 
trical limits for the lot to be qualified. The pro- 
duction units are capable of meeting MIL-M- 
38510 electrical test limits, when available, as 
well as National’s RETS limits. 


TABLE I. HARDNESS ASSURANCE PLAN 


1. Plan A — Class B only: Qualification to 1 x 10®, 1 x 10®, or 1 x 10^ rads (Si) 
Sample Size per QCI Inspection Lot 

Accept Level 

Reject Level 

11 

0 Rejects . 

1 Reject 

II. Plan B — Class B or S: Qualification to 1 x 10®, 1 x 10®, or 1 x 10^ rads (Si) 


Sample 

Each wafer 

Sample Size (Devices/Wafer) 

4 

Accept Level 

0 Rejects per wafer 

Reject Level 

1 Reject per wafer 

III. Product Flow (per MIL-STD-883, Method 1019): 

A. Assemble sample devices in appropriate production package. 

B. Read-and-record electrical parameters (pre-radiation). 

C. irradiate to applicable total gamma dose. 

D. Read-and-record electrical parameters (post-radiation). 

E. Evaluate performance per applicable specification. 
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PARAMETER 


TABLE ll-A. PRE- AND POST-RADIATION SPECIFICATION 10= RADS (Si) 


LIMITS (Note 1) 

CONDITIONS -55°C 



^TLH- ^THL 


Functionality 


Published Data Sheet Limit 


Per Applicable Rel Electrical 
Test Spec (RETS) 


Devices Will Pass Functional Test per Applicable Truth Table 


NOTE 1: For further device parameters, see individual device specifications. 
NOTE 2: These limits allow no degradation from the published data sheet limits. 
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PARAMETER 


TABLE ll-B. POST-RADIATION SPECIFICATION 10^ RADS (SI) 


LIMITS (Note 1) 

Vdd conditions -55°C -h25”C -H215°C UNITS 

Min I Max Min I Max Min I Max 



V|N- Vss Of Vdd 

All Valid Input Combinations 


V|N- Vss or Vqd 
|IO| < 10/iA 


V|N = Vss or Vdd 
|IO| < 10/iA 


VO = 0.5V, 4.5V 
V0=1V, 9V, |I0| < 10/iA 
VO = 1.5 V, 13.5 V 


V0=1V, 4V 

VO = 2V, 8V |IO| < 10/iA 
VO = 2.5V, 12.5V 


VO = 0.5V, 4.5V 
VO=1V, 9V |IO| < lO^A 
VO = 1.5 V, 13.5 V 


VO=1V, 4V 

VO = 2V, 8V 1 10 1 < 10#iA 
VO = 2.5 V, 12.5 V 


V|N = 0Vor15V 
Any Valid Condition 



■ X 

_o 

_o 

Per Applicable Rel Electrical 

Test Spec (RETS) 

Minimum Limit is 75% of Published 

Data Sheet Limit 

tpLH> ^PHL 
^TLH- ^THL 

Per Applicable Rel Electrical 

Test Spec (RETS) 

Maximum Limit is 125% of Published 

Data Sheet Limit 

Functionality 

Devices Will Pass Functional Test per Applicable Truth Table 


NOTE 1: For other device parameters, see individual device specifications. 
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TABLE ll-C. POST-RADIATION SPECIFICATION 10^ RADS (Si) 


LIMITS (Note 1) 


CONDITIONS 

V|N- Vss O'" Vdd 


All Valid Input Combinations 

V|N - Vss Of Vdd 


|IO| < 10/xA 


V|N = Vss or Vqd 


1101 < 10/xA 


VO = 0.5V, 4.5V 
VO=1V, 9V, |10| 
VO = 1.5 V, 13.5 V 

< 10/tA 

o > 

— If) 
C\j 

> > ’“ 
00 

> > ‘R 

1- CM CM 

II II 11 

o o o 

> > > 

< 10/cA 

VO = 0.5V, 4.5V 
VO=1V, 9V |IO| 
VO = 1.5 V, 13.5 V 

< 10/iA 

VO=1V, 4V 

VO = 2V, 8V 1I0| 
VO = 2.5V, 12.5 V 

< 10/xA 

V|M = 0V or 15V 


Any Valid Condition 


-55»C 


Min Max 


■1-25°C 


Min Max 



■nn 




Minimum Limit is 65% of Published 
Data Sheet Limit 


Per Applicable Rel Electrical 
Test Spec (RETS) 


Per Applicable Rel Electrical 
Test Spec (RETS) 


Devices Will Pass Functional Test per Applicable Truth Table 


NOTE 1; For other device parameters, see individual device specifications. 


tpLH> tpHL 
^TLH- ^THL 


Functionality 


Maximum Limit is 140% of Published 
Data Sheet Limit 
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TABLE III. POST-RADIATION SPECIFICATION COMPARISON (25°C) 


LIMITS (Note 1) 


CONDITIONS 


10^ Rads 
(Si) 


10^ Rads 
(Si) 


V|N = Vss Of VdD 
All Valid Input 
Combinations 


V|N- ^ss or Vqd 
|IO| < 10/iA 


V|N- Vss or Vqd 
|IO| < 10mA 


VO = 0.5V, 4.5V 
VO=1V, 9V, |IO| 
VO = 1.5V, 13.5V 


< lO/iA 


VO = Note 2 |IO| < 10,iA 


VO = 0.5V, 4.5V 
VO=1V, 9V |IO| 
VO = 1.5 V, 13.5 V 


VO=Note2 no 


< lO/iA 


< 10/iA 


V|N = 0Vor15V 
Any Valid Condition 


Per Applicable Pel Electrical 
Test Spec (RETS) 


Per Applicable Pel Electrical 
Test Spec (RETS) 



Hill 



Functionality 


Devices Will Pass Functional Test per Applicable Truth Table 


NOTE 1: All 10^ rads (Si) limits allow no degradation from published data sheet limits. 

NOTE 2: At 10® rads (Si), VO will be 10% or 90% of Vdq; at 10® or 10^ rads (Si), VO will be IV or 4V at Vdd = 5V, 2V or 8V at Vdd= 10V, and 
2.5V or 12.5V at Vqd=15V. 
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Dose Rate Performance 

When CMOS ICs are subjected to large bursts of 
ionizing radiation, hole-electron pairs are cre- 
ated in the silicon substrate. The resultant cur- 
rent flowing through the high resistivity P- and 
N-substrates can cause voltage differences 
which may impair circuit performance in one of 
the following ways. 

One: LATCH-UP 

A CMOS circuit contains the structural elements 
required to form a four-layered Schockley diode 
switching device as illustrated in Figure 8. The 
emitter-base junctions of the lateral PNP and 


vertical NPN which comprise the Schockley 
diode are normally prevented from becoming 
forward-biased by the circuit metallization. Be- 
cause of this, the Schockley diode will be in the 
off state during normal circuit operation and will 
pose no threat to reliable circuit performance. 

Sufficiently high values of burst radiation can 
cause currents to flow through substrate resis- 
tances, Rn_ and Rp_, to cause forward-biasing 
of the parasitic PNP and NPN emitter-base junc- 
tions and turn on the Schockley diode. The ex- 
cessive flow of supply current which accompa- 
nies turn-on of the Schockiey diode has been 
found to occur in the range of 10® to 10^^ rads 
(Si)/sec on many CMOS circuits. 



FIGURE 8: CROSS SECTION OF CMOS CIRCUIT ELEMENTS 
WHICH MAY LEAD TO LATCH-UP DURING 
IONIZING RADIATION BURSTS 


The basic circuit required for latch-up to occur is 
iilustrated in Figure 9. It consists of a parasitic 
bipolar NPN and PNP transistor sharing a com- 
mon collector-base junction. The two require- 
ments necessary for turn on of this device are: 

1. The product of the common emitter current 
gains of the two devices, 0 and /Sp^p must 
satisfy the relationship (/S^pn) (/Spnp) ^ 1, and 

2. The emitter-base junction of the two transis- 
tors must remain forward-biased to about 
0.6V or greater after the NPNP device has 
been turned on. 

In normal operation, condition No. 1 may be met, 
but condition No. 2 will not be met, permitting 
latch-up-free operation. 



FIGURE 9: LATCH-UP EQUIVALENT CIRCUIT 
FOR BULK CMOS STRUCTURE 
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This problem can be completely eliminated by 
reducing to less than unity the product of the 
common, emitter current gains of the NPN and 
PNP devices comprising the Schockley diode. 
One technique which has been successfully em- 
ployed to eliminate the latch-up problem has 
been the use of neutron irradiation to lower 


minority carrier lifetime in the silicon substrate 
which directly affects parasitic bipolar current 
gains. As the values in Table IV indicate, neutron 
treatment of parts which exhibit latch-up at 
3x10® and 3x10® rads (Si)/sec resulted in latch- 
up-free operation up to the limit of the burst sim- 
ulation equipment, 10''° rads (Si)/sec. 


TABLE IV. LATCH-UP PERFORMANCE 




DOSE REQUIRED FOR LATCH-UP 


DEVICE 

Vqd 

CONTROL 

(NON-NEUTRON TREATED) 

NEUTRON TREATED* 

UNITS 

CD4006 


>9.4x 10® 

>9.4 X 10® 

Rads (Si)/sec 

CD4011 

B^l 

3.1 X 10® 

>9.4 X 10® 

Rads(Si)/sec 

CD4012 

B^l 

2.0x10® 

>2.4x10® 

Rads(Si)/sec 

CD4053 

B^l 

3.2x10® 

>9.4 X 10® 

Rads (Si)/sec 

MM54C200 


>2.2x 10^® 

>8.8x1011 

Rads (Si)/sec 


•Neutron treated parts were subjected to a neutron flux of 1 x 10^“* neutrons (fast)/cm^. 


By treating wafers with neutron fluxes on the 
order of 10''^/cm^ this enhanced circuit perfor- 
mance is obtained without sacrificing paramet- 
ric performance. This is illustrated in Figures 10 
and 11, which plot supply drain and propagation 
delay, respectively, versus neutron flux and 
show no significant degradation at the lO^'^/cm^ 
level. 



(n/cm^) 

DEVICE USED; MM54C200D/RH 
(256-617 RAM) 

FIGURE 10: DEVICE QUIESCENT SUPPLY 
CURRENT VS. NEUTRON FLUX 



DEVICE USED: MMS4C200D/RH 
(256-BIT RAM) 


FIGURE 11: PROPAGATION DELAY VS. 
NEUTRON FLUX 


Another very successful method that has been 
used to reduce susceptibility to dose rate in- 
duced latch-up has been to use low resistivity 
substrate material with a high resistivity epitax- 
ial layer. This structure introduces a low imped- 
ance shunt across in Figure 9, and hence 
prevents latch-up. Using this technique, devices 
can be supplied which do not latch-up even 
when exposed to dose rates of 10^2 rads/sec. 

Two: DATA-UPSET 

This effect results in the loss of stored data in a 
circuit after being subjected to burst radiation. It 
is typically of most concern in circuits such as 
memories and shift registers, where stored data 
bits are not directly coupled to circuit inputs. 
The problem is again caused by electron hole 
pair generation during ionizing burst radiation 
exposure. The resulting photo currents can 
cause a current flow across a normally reverse- 
biased PN junction. This current flow can upset 
the logic level stored at a node associated with 
the PN junction. 

Table V shows the effect that neutron treatment 
of an MM54C200D/RH 256-bit static RAM has on 
the dose rate at which upset occurs. The effect 
of neutron fluxes on data upset is not nearly as 
dramatic as it is in the case of latch-up. Although 
neutron fluxes in excess of lO^^/cm^ cause sig- 
nificant alterations in semiconductor material 
properties and circuit electrical parameters. Fig- 
ures 10 and 11 indicate that the circuits tested 
would still meet data sheet requirements after 
irradiation in excess of 2 x iC^/cm^. At this level 
the tolerance to data upset exhibits about a 
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TABLE V. DATA UPSET PERFORMANCE 


NEUTRON FLUX 
(N-FAST/cm®) 

DOSE RATE NEEDED TO INDUCE DATA UPSET 

UNITS 

CD4006D 

18-BIT SHIFT REGISTER 

Vdd = 10V 

MM54C200D (MEMORY ENABLED) 
256-BIT RAM, Vdd = 5V 

0 (control) 

4.7x10® 

1.76x10® 

Rads (Si)/sec 

1 X lO^'* 

4.7x10® 

2.00 X 10® 

Rads(Si)/sec 

1 X 10^® 

— 

5.00 X 10® 

Rads(Si)/sec 

1 X 10^® 

— 

1.17X 10® 

Rads(Si)/sec 


threshold improvement over untreated devices. 
Almost an entire order of magnitude improve- 
ments in data upset tolerance can be obtained 
with treatment at lO^^/cm^ if the user can toler- 
ate the degraded propagation delay and in- 
creased supply current drain occurring at this 
level. 

Rad Hard CMOS Reliability 

Radiation hardness, however, is of no value to 
the system user if it is accomplished at the sac- 
rifice of device reliability. To confirm device reli- 
ability, each of 476 units from five lots were sub- 
jected to 2.016 hours of burn-in at 125 °C. The 
total device hours were 804,384, which repre- 
sents a projected 0.11%/1000 hours failure rate 
at a 60% confidence level. This falls well within 
the reliability requirements of even the most 
stringent programs. 

In addition to this initial sampling, 100% burn-in 
screening, as well as operating life testing, has 
been performed on many lots that have been 
produced for various customers. The results of 
this additional testing have continued to demon- 
strate that rad hard devices are reliable. 10,000- 
hour life tests are currently underway to further 
establish long-term reliability. The results of this 
testing and further testing across our entire rad 
hard product line will be added to the existing 
data as they become available. 

Radiation Hardened Linear Devices 

Although most bipolar logic devices tend to be 
inherently hard when exposed to total-dose 
gamma radiation, many bipolar linear devices 
will begin to degrade when exposed to relatively 
low levels of such radiation. The causes are sim- 
ilar to those seen in MOS radiation exposure- 
related failures. Linear devices are more suscep- 
tible to low current |3 degradation than most 
bipolar technologies. A major cause of of low 


current (3 degradation is surface leakage across 
the emitter-base junction. This surface leakage, 
like MOS characteristics, is related to the oxide 
and interface charges which are induced by high 
levels of radiation. 

The solution to linear radiation problems, how- 
ever, is quite different from what we have de- 
scribed above for CMOS devices. Total modifica- 
tion of the fabrication process is needed in order 
to achieve megarad hardness on linear devices. 
We have developed megarad versions of the 
LM108A and LM101A. We have extensive re- 
search and development currently underway in 
this area, for we feel that a broad line of rad hard 
linear devices is essential if systems designers 
are to achieve total systems hardness. 

Ordering Information 

National Semiconductor’s Radiation Hardened 
CMOS devices are available in three different 
levels of hardness, one of which is sure to sat- 
isfy the needs of your program. The levels avail- 
able are 1 x 10^ rads (Si), 1 x 10® rads (Si), and 
1 X 10^ rads (Si), with post-radiation test limits as 
defined in Table ll-A, ll-B, or ll-C of this brochure 
(as applicable). Each of these can be obtained in 
either a bottom-brazed flatpack or in a side- 
brazed dual-in-line package, both of which have 
solder-sealed lids. In addition, these devices 
may be obtained with either Class S or Class B 
screening.* National Semiconductor’s 883B/ 
RETS and 883S/RETS microcircuits (which are 
described in more detail in other brochures) are 
fully compliant with the 100% screening re- 
quirements of Method 5004 and MIL-STD-883 for 
the applicable screening level and have met the 
applicable quality conformance requirements of 
Method 5005 of MIL-STD-883. 


"National Semiconductor has qualified a number of Radiation 
Hardened devices In accordance with MIL-M-38510, and 
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Ordering is quite simpie. Parts may be ordered 
using one of the foiiowing part number struc- 
tures (as appiicabie). 


CD4093BM W / R H 6 S 

Screening Level 
S = Class S 
B = Class B 

Radiation Hardness Level 
5 = 1 X 10® rads (Si) 

6= lx 10® rads (Si) 
7=1x107rads (Si) 

Indicates Hardness Type 
H = Total dose hardened 
E = Dose rate hardened 

Indicates Radiation Hardened 
Device 

Package Type 
J = Side-brazed DIP 
W= Bottom-brazed flat 
E = Leadless chip carrier 

Basic Device 


In addition, we are wiiiing to evaiuate contractor- 
prepared prints for radiation hardened devices. 

Radiation Susceptibiiity Testing 

Nationai Semiconductor has aiso recognized 
that there is a need on some programs for data 
reiative to the actuai hardness ievel of the prod- 
uct used, even where that product has not been 
specifically hardened. To address that need, 
National has developed a radiation susceptibil- 



J M38510 H055 03 S F C 

Lead Finish 
A = Solder DIP 
B = Tin plate 
C = Gold plate 

Package Type 
A = 14-pin metal flat 
C= 14-pin dual-in-line 
D = 14-pin ceramic flat 
E= 16-pln dual-in-line 
F= 16-pin flat 

Screening Level 
S = Class S 
B = Class B 

Device on Detail 
Specification 

Detail Specification 
Number 

Radiation Level 
M = 2500 rads (Si) 

D = 1x10'‘rads (Si) 

R = 1 X 10® rads (Si) 

H = 1 X 10® rads (Si) 

No MIL-M-38510 indicator 
exists for 10^ rads 

MIL-M-38510 
JAN Mark 


ity test program. The intent of this program is to 
provide, in advance of actual assembly of prod- 
uct, radiation tolerance data which will allow the 
user to determine whether those devices meet 
the radiation limits required by his program. 
Since the testing need not be done to a specific 
limit, this program is able to provide specific 
device data for those programs whose radiation 
tolerance limits are classified. Details on this 
program will be provided on request. 
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NATIONAL SEMICONDUCTOR’S MEGARAD RADIATION HARDENED PRODUCT LIST 


The following device types were released as of December 1, 1983 by National Semiconductor as radia- 
tion hardened products to the 10^, 10®, 10^ rads (Si) levels. These parts will be processed to National’s 
883S/RETS''’^ or 883B/RETS flow in the bottom-brazed flat (“F”), side-brazed dual-in-line (“D”), or cer- 
amic (“J”) and (“W”) package configurations. This list supersedes and replaces all previously published 
lists. 


IN DEVELOPMENT 

CD4006B MSI 
CD4030B MSI 
MM54C00 SSI 
MM54C02 SSI 

MM54C08 SSI 
MM54C10 SSI 
MM54C20 SSI 

MM54C30 SSI 
MM54C32 SSI 
MM54C221 MSI 




RAD HARD CMOS 



DEVICE 

SERIES 

DEVICE 

SERIES 

DEVICE 

SERIES 

DEVICE 

CD4000 MSI 

A 

CD4030 SSI 

A 

CD4082 SSI 

B 

MM54C89 MSI 

CD4001 SSI 

A/B 

CD4031 MSI 

A/B 

CD4093 SSI 

B 

MM54C160MSI 

CD4002 SSI 

A/B 

CD4034 MSI 

B 

CD4094 MSI 

B 

MM54C161 MSI 

CD4006 MSI 

A 

CD4035 MSI 

A/B 

CD4099 MSI 

B 

MM54C162MSI 

CD4007 SSI 

A/UB 

CD4040 MSI 

A/B 

CD40106 SSI 

B 

MM54C163MSI 

CD4008 MSI 

A/B 

CD4041 SSI 

A 

CD40160 MSI 

B 

MM54C173MSI 

CD4009 SSI 

A 

CD4042 MSI 

A/B 

CD40161 MSI 

B 

MM54C174MSI 

CD4010SSI 

A 

CD4043 MSI 

A/B 

CD40162 MSI 

B 

MM54C175MSI 

CD4011 SSI 

A/B 

CD4044 MSI 

A/B 

CD40163 MSI 

B 

MM54C192MSI 

CD4012 SSI 

A/B 

CD4046 MSI 

B 

CD40174 MSI 

B 

MM54C193MSI 

CD4013MSI 

A/B 

CD4047 MSI 

B 

CD40192 MSI 

B 

MM54C200 LSI 

CD4014MSI 

A/B 

CD4048 SSI 

A/B 

CD40193 MSI 

B 

MM54C240 MSI 

CD4015MSI 

A/B 

CD4049 SSI 

A/UB 

CD4510 MSI 

B 

MM54C244MSI 

CD4016MSI 

A/B 

CD4050 SSI 

A/B 

CD4512 MSI 

B 

MM54C374MSI 

CD4017MSI 

A/B 

CD4051 MSI 

A/B 

CD4514 MSI 

B 

MM54C901 SSI 

CD4018MSI 

A/B 

CD4052 MSI 

A/B 

CD4516 MSI 

B 

MM54C902 SSI 

CD4019 SSI 

A/B 

CD4053 MSI 

A/B 

CD4518 MSI 

B 

MM54C903 SSI 

CD4020 MSI 

A/B 

CD4066 SSI 

A/B 

CD4520 MSI 

B 

MM54C904 SSI 

CD4021 MSI 

A/B 

CD4069 SSI 

A/UB 

CD4528 MSI 

B 

MM54C905 MSI 

CD4022 MSI 

A/B 

CD4070 SSI 

B 

CD4538B MSI 

B 

MM54C906 SSI 

CD4023 SSI 

A/B 

CD4071 SSI 

B 

CD4584 SSI 

B 

MM54C907 SSI 

CD4024 MSI 

A/B 

CD4072 SSI 

B 

CD4724 MSI 


MM54C914MSI 

CD4025 SSI 

A/B 

CD4073 SSI 

B 

MM54C04 SSI 


MM54C941 MSI 

CD4027 MSI 

A/B 

CD4075 SSI 

B 

MM54C14 SSI 


MM70C95 SSI 

CD4028 MSI 

A/B 

CD4076 MSI 

B 

MM54C42MSI 


MM70C96 MSI 

CD4029 MSI 

A/B 

CD4081 SSI 

B 

MM54C85MSI 
MM54C86 SSI 
CD4515 MSI 


MM70C97 SSI 
MM70C98 MSI 
MM78C29 MSI 
MM78C30 MSI 


For additional information regarding these or National’s upcoming radiation hardened products, please 
contact Kirk Lemon, Military/Aerospace Marketing Manager, at (408) 721-5999 — Mailstop D3684. 
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Physical Dimensions 








Physical Dimensions 




NS Package D28C 
28-Lead Hermetic DiP (D) 
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NS Package E01 
124‘Lead Ceramic Chip Carrier 
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NS Package J08A 
8-Lead CERDIP (J) 



NS Package J14A 
14-Lead CERDIP (J) 



NS Package J16A 
16-Lead CERDIP (J) 
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(0.203-0.381) 

0 060-0,100 
(1.524-2.540)“ 


O.IOOiO.010 

(2.540±0.254) 
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J 1, 



NS Package J24A-Q 
24-Lead EPROM CERDIP (JQ) 
Small Window 



0-3’S MAX \ 
(8.001) ClASS 



0.030-0.055 

(0.762-1.397) 

RADTYP 




TYP'-*J 

OQjj MAX 0.100 10.010 0.018 10.003 id 

(T4n)J.“IU~l (2,54 ±0,254) "H (0,457 ±0.076) 'Hn' 


NS Package J24F 
24-Lead CERDIP (J) 
0.300 Centers 
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NS Package J40A 
40-Lead CERDIP (J) 
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NS Package N24C 

24-Lead Skinny DIP (SD) Molded DIP (N) 
0.300 Centers 
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NS Package N48A 
48-Lead Molded DIP (N) 




0.134 - 0.160 0 0B9-O.105 

(3.404 - 4.064) (2.261-2.667) 



NS Package U68B 
68-Pin Hermetic Grid Array Package 
Ceramic Cavity Up 
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NS Package 
124-Pin Hermetic Grid 
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NS Package V28 
28-Lead Piastic Chip Carrier 
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NS Package V44 
44-Lead Piastic Chip Carrier ' 




NS Package V68 
68-Lead Plastic Chip Carrier 
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